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SECTION 1 

Introduction 
Implementation of conjunctive water management within the Sacramento Valley is one strategy being used 
to enhance the reliability of the existing water supply, as well as potentially improve water quality, within 
the San Francisco Bay-Delta. However, operating conjunctive water management, or groundwater 
substitution projects, can result in adverse impacts on water resources within the Valley. The two most 
critical potential impacts of additional groundwater production are depression of local groundwater levels, 
with associated impacts on well yields from nearby water supply wells, and changes in the hydraulic 
relationship between the surface water and groundwater systems in the area. To support the evaluation of 
these potential impacts, a high-resolution, numerical groundwater modeling tool was developed to estimate 
the impacts of potential future conjunctive water management projects on surface water and groundwater 
resources within the Sacramento Valley. This model, known as the Sacramento Valley Finite Element 
Groundwater Flow Model (SACFEM2013), is described herein. 
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SECTION 2 

Sacramento Valley Groundwater Basin 
Conceptual Site Model Overview 
The following briefly summarizes the geology and hydrology of the Sacramento Valley Groundwater Basin 
(SVGB). The groundwater conceptual site model (CSM) is a theoretical construct that represents primary 
features of the physical system beneath the Sacramento Valley (Figure 1). The CSM is the primary basis for 
developing SACFEM2013.  

2.1 Geologic Setting 
The Sacramento Valley is located in the northern portion of the Great Valley physiographic region of 
California. The Great Valley is bounded by the Coast Ranges to the west, the Sierra Nevada to the East, and 
the Klamath Mountains and Cascade Range to the north. The Sacramento Valley is a north-northwestern 
trending asymmetrical trough filled with as much as 10 miles of both marine and continental rocks and 
sediment (Page, 1986). On the eastern side, the basin overlies basement bedrock that rises relatively gently 
to form the Sierra Nevada; on the western side, the underlying basement bedrock rises more steeply to 
form the Coast Ranges. Marine sandstone, shale, and conglomerate rocks that generally contain brackish or 
saline water overlie the basement bedrock. The more recent continental deposits, overlying the marine 
sediments, contain fresh water. These continental deposits are generally 2,000 to 3,000 feet thick (Page, 
1986). The depth (below ground surface) to the base of fresh water typically ranges from 1,000 to 3,000 feet 
(Bertoldi et al., 1991). Three areas of bedrock outcrop are present within the interior of the Sacramento 
Valley; these include the Sutter Buttes, Black Butte, and the Dunnigan Hills. Descriptions of the major 
geologic units within the Sacramento Valley are listed in Table 1 (Page, 1986; California Department of 
Water Resources [DWR], 1978). Figure 2 presents a conceptual geologic section of the Central Valley. 

2.2 Hydrogeology 
The Sacramento Valley is part of the Sacramento River Hydrologic Region, which covers approximately 
27,200 square miles in northern California (Figure 3) (DWR, 2003a). As shown on Figure 3, the Sacramento 
Valley includes the Redding Groundwater Basin (in the northern portion of the Valley) and the SVGB (in the 
southern portion of the Valley). The SVGB has been divided into 18 subbasins by DWR, as shown on Figure 3, 
based on groundwater characteristics, surface water features, and political boundaries (DWR, 2003a). 
However, from a hydrologic standpoint, these individual groundwater subbasins have a high degree of 
hydraulic interconnection because the rivers do not always act as barriers to groundwater flow. Therefore, 
the SVGB functions primarily as a single laterally extensive alluvial aquifer, rather than numerous discrete, 
smaller groundwater subbasins. 

Fresh water in the SVGB is found within the continental deposits described in Section 2.1. Hydrostratigraphic 
units containing fresh water along the eastern portion of the basin (derived from the Sierra Nevada) are 
primarily the Tuscan and Mehrten Formations. In the southeastern portion of the SVGB, the Laguna, 
Riverbank, and Modesto Formations are important sources of fresh water. The primary hydrostratigraphic 
unit in the western portion of the SVGB is the Tehama Formation, which was derived from the Coast Ranges. 
As described above, these deeper hydrogeologic units are overlain by younger alluvial and floodplain 
deposits over the majority of the SVGB. 

In the SVGB, surface water and groundwater systems are strongly connected and are highly variable spatially 
and temporally. Generally, the major trunk streams of the Valley (the Sacramento and Feather Rivers) act as 
drains and are recharged by groundwater throughout most of the year. The exceptions are areas of 
depressed groundwater elevations attributable to groundwater pumping (inducing leakage from the rivers) 
and localized recharge to the groundwater system. In contrast, the upper reaches of tributary streams 
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flowing into the Sacramento River from upland areas are almost all losing streams (they recharge the 
groundwater system). Some of these transition to gaining streams (they receive groundwater) farther 
downstream, closer to their confluences with the Sacramento River. Estimates of these surface water/ 
groundwater exchange rates have been developed for specific reaches on a limited number of streams in 
the SVGB (U.S. Geological Survey [USGS], 1985), but a comprehensive Valley-wide accounting has not been 
performed to date. 

Figure 4 presents a conceptual diagram of groundwater flow in the SVGB. Under current conditions, 
groundwater generally flows from the mountains toward the SVGB and then toward the Sacramento River in 
a southerly direction parallel to the river. Depth to groundwater throughout most of the SVGB averages 
about 30 feet below ground surface (bgs), with shallower depths along the Sacramento River and greater 
depths along the basin margins. Seasonal fluctuations in groundwater levels occur due to the recharge from 
precipitation and snowmelt runoff, associated fluctuations in river stages, and the pumping of groundwater 
to supply agricultural and municipal demands. 

Groundwater level fluctuations reflect changes in the amount of groundwater stored in the aquifer system, 
which is driven by variability in the magnitude and timing of aquifer recharge and discharge. The primary 
components of groundwater inflow to the SVGB include the following: 

• Groundwater recharge from precipitation 
• Groundwater recharge from applied irrigation water 
• Groundwater recharge from river, bypass, or lake leakage 
• Groundwater recharge along the margin of the basin (mountain front recharge) 

The primary components of groundwater outflow from the SVGB include the following: 

• Groundwater discharge to land surface (including evapotranspiration, discharge to low-lying stream 
riparian areas, and discharge to low-lying areas such as the Butte Sinks in the Sutter Basin) 

• Groundwater discharge to rivers 

• Groundwater discharge to wells 

In dry years, groundwater levels gradually decline in many areas because more water is extracted than 
recharged. During wet years, groundwater levels in the SVGB typically recover because more water is 
recharged than extracted (DWR, 2003b).- 

Except during drought periods, groundwater levels recover to pre-irrigation-season levels each spring. In 
other words, no extensive areas of depressed groundwater levels exist in the basin except for localized 
conditions as described below. Historical groundwater level hydrographs suggest that even after extended 
droughts, groundwater levels in this basin recovered to pre-drought levels within 1 or 2 years after the 
return of normal rainfall. 

As agricultural land use and water demands have intensified over time, groundwater levels in some areas 
have declined because increases in pumping have exceeded the quantity of local recharge to the 
groundwater system. This imbalance between pumping and recharge in portions of the Valley has been the 
motivating force developing supplemental surface water supplies in several areas during the past 30 to 40 
years. Examples include Yolo County’s construction of Indian Valley Dam on the North Fork of Cache Creek, 
South Sutter Water District’s construction of Camp Far West Reservoir on the Bear River, and Yuba County’s 
construction of New Bullards Bar Dam and Reservoir on the North Yuba River. 

Currently, groundwater levels are generally in balance Valley-wide, with pumping matched by recharge from 
the various sources annually. Some locales show the early signs of persistent declines in groundwater level, 
including northern Sacramento County, areas near Chico, and on the far west side of the Valley in Glenn 
County, where water demands are met primarily, and in some locales exclusively, by groundwater. 
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SECTION 2 SACRAMENTO VALLEY GROUNDWATER BASIN CONCEPTUAL SITE MODEL OVERVIEW 

TABLE 1 
Major Lithologic Units of the Sacramento Valley 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual    

Geologic Unit Geologic Age Description Water-Bearing Properties 

Alluvium Quaternary Alluvial deposits not included as fans or flood basin deposits Stream channel deposits 
(Holocene) are found throughout the Sacramento Valley and consist of have high yields. 

stream channel, natural levee, and floodplain deposits. 
Alluvium consists primarily of sands and gravel with minor 
amounts of silt and clay. Large, coarse-grained deposits are 
associated with larger streams in the Valley. 

Flood Basin Quaternary Flood basin deposits are found in five distinct basins along Insufficient data, but yields 
Deposits (Holocene) the Sacramento River. During flood conditions, silts, clays, expected to be low given the 

and fine sands were deposited in low-lying areas between fine-grained nature of the 
the natural levees of streams and the alluvial plains on the deposits. 
Valley sides.  

Alluvial Fan Quaternary Alluvial fan deposits are found along the western side of the Coarse-grained alluvial fans 
Deposits (Pleistocene- Sacramento Valley from Stony Creek southward. Alluvial (Stony Creek) have reported 

Holocene) fans along the eastern side of the Valley are limited to the yields up to 4,000 gpm. 
Chico area. Coalescing fans comprise materials ranging from Alluvial fans dominated by 
clay to gravel. Alluvial fans in the Stony Creek and Chico finer-grained materials have 
areas contain a high proportion of coarse-grained materials. lower yields. 

Victor Quaternary The Victor Formation is present on the eastern side of the Important water-bearing 
Formation (Pleistocene) Sacramento Valley where it forms a broad plain. The unit unit for domestic and 

was deposited on a plain of aggradation by shifting streams shallow irrigation wells. 
draining the Sierra Nevada. The Victor Formation consists of Limited data are available 
stream channel sand and gravel deposits that grade laterally for wells completed entirely 
and vertically to silts and clays with a thickness up to in the Victor Formation; 
100 feet. yields up to 1,900 gpm are 

estimated for channel 
deposits of sand and gravel. 

Arroyo Seco Quaternary Small gravel deposits that form caps to the low hills and Not important water-
Gravel (Pleistocene) dissected uplands along the eastern and western sides of bearing units, generally 
South Fork the Sacramento Valley. Gravel deposits are associated with found above the regional 
Gravels glaciation of the Sierra Nevada and Coast Ranges and are water table, where units are 
Red Bluff generally either cemented or contain hardpan soils.  saturated; well yields are 
Formation generally low. 

Fanglomerate Quaternary This unnamed geologic unit is restricted to the northeastern Estimated to have low to 
(Pleistocene) portion of the Sacramento Valley (north of Chico). The unit moderate yields. 

consists of coalescing alluvial fans derived from erosion of 
outcrops of the Tuscan Formation. The fanglomerates 
consist predominantly of cemented sand and gravel with 
large amounts of clay.  

Laguna Tertiary- The Laguna Formation outcrops along the eastern margin of Finer-grained portions of the 
Formation Quaternary the basin and consists of westward-thickening deposits of formation have low well 
Fair Oaks (Pliocene to silt, clay, and sand with gravel lenses. The Laguna Formation yields. Well sorted sand 
Formation middle- was deposited by streams draining the Sierra Nevada, with units have reported well 

Pleistocene) primarily granitic and metamorphic mineralogy (little/no 
volcanics). In portions of Sacramento County, deposits are 

yields up to 1,750 gpm. 

referred to as the Fair Oaks Formation.  

Tehama Tertiary- The Tehama Formation occupies entire western portion of The Tehama Formation is a 
Formation Quaternary the Sacramento Valley and consists of predominantly fine- principal water-bearing unit 

(Pliocene to grained materials (silts and clays) with thin/ in the Sacramento Valley 
middle- discontinuous lenses of sand and gravel derived from with reported well yields up 
Pleistocene) erosion of the Coast Ranges and the Klamath Mountains. to 4,000 gpm. 

The relative proportion of coarse-grained materials varies  
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SECTION 2 SACRAMENTO VALLEY GROUNDWATER BASIN CONCEPTUAL SITE MODEL OVERVIEW 

TABLE 1 
Major Lithologic Units of the Sacramento Valley 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual    

Geologic Unit Geologic Age Description Water-Bearing Properties 

Tehama 
Formation 
(cont’d) 

 spatially within the unit. The Tehama Formation extends 
eastward from the Valley margin and interfingers with the 
Tuscan and Laguna Formations at depth beneath the central 
portion of the Valley. The average thickness of the unit 
beneath the western half of the Sacramento Valley is 
approximately 2,000 feet. 

 

Mehrten 
Formation 
Tuscan 
Formation 

Tertiary 
(Pliocene) 

The Mehrten Formation is a volcanic unit that outcrops 
primarily along the southeastern margin of the Sacramento 
Valley. The formation is divided into two units: an upper 
fluvatile unit of interbedded black sands and blue to brown 
clay and a lower unit consisting of dense tuff-breccia. The 
formation dips and thic kens to the southwest. 
The Tuscan Formation outcrops in the east/northeastern 
portion of the Sacramento Valley and dips westward. The 
formation underlies approximately 900 square miles of the 
Valley. The Tuscan Formation is a wedge-shaped unit that 
thins from approximately 1,000 to 1,600 feet in the eastern 
outcrop areas to approximately 300 feet beneath the Valley 
center where it interfingers with the Tehama Formation. 
The unit consists of stream-deposited black volcanic sands, 
tuffaceous clay, and gravel. 

The black sands of the Valley 
Springs Formation yield 
large quantities of fresh 
water to wells. 
The Tuscan Formation is an 
important water bearing 
unit in the Sacramento 
Valley, with reported well 
yields up to 3,000 gpm. 

Valley Springs 
Formation 

Tertiary 
(Miocene) 

The Valley Springs Formation outcrops primarily along the 
southeastern margin of the Sacramento Valley. The unit 
consists of southwestward-dipping sequence of rhyolitic 
ash, clay, sand, and gravel deposited by streams with 
thickness up to approximately 200 feet. 

Fresh water-bearing unit; 
low yields due to presence 
of fine-grained materials. 

Marine and 
Continental 
Deposits 
(Includes Ione 
Formation) 

Tertiary 
(Eocene) 

Mixed marine and continental sediments deposited in a 
semi-isolated basin during and following uplift of the Coast 
Range. With transgression and regression of seas, some 
deposits contain both marine and sedimentary materials. 
Ione formation was deposited in a marsh-like environment 
in the east/southeastern portion of the Sacramento Valley 
and in fluvatile to marine environments in other portions of 
the Central Valley. The unit outcrops along the eastern 
margin of the Sacramento Valley and dips southwestward. 
The Ione Formation consists of clay, sand, sandstone, and 
conglomerate up to 400 feet thick. 

Largely non-water bearing or 
saline. 
Where deposited in near-
shore environment, the Ione 
Formation yields small 
quantities of fresh water to 
wells (up to 50 gpm). 

Volcanics 
(Includes Sutter 
Buttes) 

Tertiary Andesitic and rhyolitic volcanics within interior of the 
Sacramento Valley. 

Primarily non-water-bearing. 

Marine Rocks 
(Includes Chico 
Formation) 

Cretaceous Outcrop primarily along the western side of the Sacramento 
Valley. Sedimentary rocks consisting primarily of eastward-
dipping (and thickening) sandstones and shales. 

Generally contain connate 
water or yield small 
volumes. 

Basement 
Rocks 

Pre-Tertiary Igneous and metamorphic rocks that underlie the 
sedimentary deposits. Outcrops are limited to the eastern 
portion of the Valley, in the Sierra Nevada, and slope 
southwest. Igneous rocks include granitics with some mafic 
intrusions. Metamorphic rocks include metasedimentary, 
metavolcanic, and undifferentiated metamorphics. 

Primarily impermeable 
boundary at base of 
groundwater basin; 
fractures and joints yield 
small quantities of water. 

Notes: 
Lithologic descriptions from DWR (1978) and Page (1986) 
gpm = gallons per minute

2-6 ES100814162520RDD 



SECTION 2 SACRAMENTO VALLEY GROUNDWATER BASIN CONCEPTUAL SITE MODEL OVERVIEW 

 

ES100814162520RDD 2-7 



SECTION 2 SACRAMENTO VALLEY GROUNDWATER BASIN CONCEPTUAL SITE MODEL OVERVIEW 

 
 
 

ES100814162520RDD 2-9 



SECTION 2 SACRAMENTO VALLEY GROUNDWATER BASIN CONCEPTUAL SITE MODEL OVERVIEW 

 

ES100814162520RDD 2-11 



SECTION 2 SACRAMENTO VALLEY GROUNDWATER BASIN CONCEPTUAL SITE MODEL OVERVIEW 

2.3 Regional Hydrology 
The SVGB is an area of approximately 3.6 million acres on the Valley floor (Figure 3). The Sacramento River is 
the main surface water feature in the SVGB. It has several major tributaries draining the Sierra Nevada, 
including the Feather, Yuba, and American Rivers. Stony, Cache, and Putah Creeks drain the Coast Range and 
are the main westside tributaries to the Sacramento River. The westside tributaries contribute significantly 
less stream flow than those on the eastside. The Sacramento River flows south through the center of the 
Valley before heading west to flow to Suisun Bay.  

The Sacramento River and its major tributaries are the main water supply source for much of the area and 
provide water for urban, agricultural, and environmental uses. The flow of the major rivers and tributaries is 
managed by reservoir operations of the Central Valley Project, State Water Project, and locally operated 
projects. Groundwater pumping has been developed in much of the Valley to supplement surface water 
sources, and in some areas, it is the only source of water. Stream flow data for streams throughout the 
SVGB are collected at gaging stations operated by California DWR1 and USGS2. 

The SVGB experiences a Mediterranean climate characterized by cool, wet winters and warm, dry summers. 
The average annual precipitation on the Valley floor is approximately 22 inches and varies considerably. The 
majority of the precipitation comes in the winter months from November through March with typically only 
minimal amounts from June through September. Figure 5 presents a plot of the Sacramento Valley water 
year3 (WY) index between WY1970 and WY2010. The WY index is a function of the unimpaired runoff in the 
hydrologic region and is used to illustrate climatic variability. As shown on Figure 5, the SVGB has 
experienced prolonged droughts (such as WY1976-WY1977 and WY1987-WY1992) and extremely wet 
periods (such as WY1982-WY1984 and WY1995-WY1999). 

1 http://cdec.water.ca.gov/ 

2 http://waterdata.usgs.gov/nwis 

3 A water year runs from October 1 of the previous calendar year through September 30 of the current calendar year (for example, water year 1970 
includes the period of October 1, 1969, through September 30, 1970). 
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SECTION 3 

Groundwater Flow Model Construction 

3.1 Model Code Description 
MicroFEM (Hemker, 1997), a finite-element based, three-dimensional, integrated groundwater modeling 
package developed in The Netherlands, was chosen to simulate the groundwater flow systems in the SVGB. 
The current version of the program (4.10) has the ability to simulate up to 25 layers and 250,000 surface 
nodes. MicroFEM is capable of modeling saturated, single-density groundwater flow in layered systems. 
Horizontal flow is assumed in each layer, as is vertical flow between adjacent layers.  

MicroFEM was the chosen modeling platform for the following reasons: 

• The finite-element scheme allowed the construction of a model grid covering large geographic areas 
(more than 5,960 square miles in the SVGB) with coarse node spacing outside of the simulated project 
areas and finer node spacing in areas of interest (e.g., near potential project areas). The finer node 
spacing near simulated production wells provides greater resolution of simulated groundwater levels 
and stream impacts.  

• The graphical interface allows rapid assignment of aquifer parameters and proofing of these values by 
graphical means.  

• The flexible post-processing tools allow for rapid evaluation of transient water budgets for model 
simulations and identification of changes to stream discharges and other water fluxes across the model 
domain. 

3.1.1 Numerical Assumptions 
MicroFEM, as applied to the development of SACFEM2013, is conceptualized mathematically into a single-
density subsurface groundwater flow regime. The subsurface flow regime includes the hydraulic properties 
that control groundwater movement and rates. All model layers are treated as vertically integrated, leaky-
confined layers to facilitate accurate simulation of the 3D groundwater flow conditions. The minimum inputs 
required by MicroFEM to execute a simulation for a given model grid include transmissivity, vertical 
resistance, and boundary conditions. SACFEM2013 is simulated under confined conditions in all model 
layers; therefore, the user-defined transmissivity values do not vary during the model simulation. 

3.1.2 Scientific Bases 
The theory and numerical techniques that are incorporated into MicroFEM have been scientifically tested. 
The governing equations for saturated subsurface flow are well established and have been solved by several 
modeling codes over the past few decades on a wide range of field problems. Thus, the scientific bases of 
the theory and the numerical techniques for solving these equations have been well established. MicroFEM 
has been developed using strict quality assurance/quality control guidelines and with various levels of 
testing, from simple analytical solutions to complex field problems.  

3.1.3 Data Formats 
MicroFEM input and output files use American Standard Code for Information Interchange (ASCII) data 
formats and can be read and edited outside the program by a text editor.  

3.1.4 Limitations 
Mathematical models can only approximate processes of physical systems. Models are inherently inexact 
because the mathematical description of the physical system is imperfect and the understanding of 
interrelated physical processes is incomplete. CH2M HILL incorporated as many details of the physical 
system into the numerical model as possible. SACFEM2013 is a powerful tool that, when used carefully, can 
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provide useful insight into processes of the physical system. Section 4.3 discusses potential sources of input 
and output error. 

3.2 Model Construction 
The mathematical model design is the result of translating the CSM into a form that is suitable for numerical 
modeling. The following steps were included in the development of the mathematical model design: 

1. Establishing study area boundaries (that is, model domain) and developing a model grid 
2. Spatially distributing land surface elevation values 
3. Spatially distributing subsurface hydraulic parameter values 
4. Selecting a time discretization approach appropriate for evaluating the field problem and fulfilling the 

modeling objectives  
5. Establishing boundary conditions for flow (that is, water budget terms through time) 

The following subsections describe the results of these design steps. 

3.2.1 Model Domain 
In the real world, space is continuous, but a numerical model must use discrete space to represent the 
hydrologic system. The simplest way to discretize space is to subdivide the study area into many subregions 
(that is, model elements) of variable size. This was the approach taken for development of the SACFEM2013 
grid. 

3.2.1.1 Areal Characteristics of Model Grid 
The current version of the SACFEM2013 grid consists of 153,812 nodes and 306,813 elements (see Figure 6). 
The current grid was configured to support evaluation of potential conjunctive water management projects 
associated with the Long-Term Water Transfer Program; however, SACFEM2013 was designed to be grid 
independent, and geographic information system (GIS)-based tools have been developed to build a similar 
model of the Valley on any grid developed to support a particular application. The nodal spacing of the 
current grid varies from as large as approximately 3,300 feet (1,000 meters) near the model boundary and in 
areas where long-term water transfer projects are not being evaluated, to as small as 410 feet (125 meters) 
in areas where long-term water transfer groundwater production is being evaluated. Nodal spacing of 
approximately 1,640 feet (500 meters) is included along streams and flood bypasses included in 
SACFEM2013. The finer node spacing near proposed project areas allows for more refined estimates of the 
effects of groundwater pumping on groundwater levels and groundwater/surface water interaction in the 
potential project areas. The model domain boundary coincides with the lateral extent of the freshwater 
aquifer within the SVGB. 

Note: The horizontal datum for SACFEM2013 is Universal Transverse Mercator, North American Datum of 
1983, Zone 10 North, meters. The vertical datum for SACFEM2013 is North American Vertical Datum of 1988, 
meters. 
3.2.1.2 Vertical Characteristics of Model Grid 
As previously discussed, MicroFEM uses the user-defined aquifer transmissivity when executing calculations 
under confined conditions. When constructing the SACFEM2013 model, aquifer transmissivity was divided 
into the two components: saturated aquifer thickness and horizontal hydraulic conductivity (transmissivity is 
equal to saturated thickness multiplied by horizontal hydraulic conductivity). The following section describes 
the conceptualization of the saturated aquifer thickness.
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The total model thickness is defined by the thickness of the freshwater aquifer (less than 3,000 micromhos 
per centimeter), as defined by Berkstresser (1973) and subsequently refined in the northern portion of the 
Valley by DWR (2002, 2005). For the southern portion of the model area, elevation contour lines of the base 
of fresh water, defined by Berkstresser data, along with information from boring locations (point 
measurements of the elevation of the base of fresh water) were digitized and used to generate a 3D surface 
defining the elevation of the base of fresh groundwater. For the northern portion of the model area, the 
locations of geologic cross sections developed by DWR Northern District staff were plotted, along with the 
estimated base of freshwater elevations obtained from the cross section information, and a base-of-
freshwater elevation contour map was constructed. These data sets were then merged to yield a single 
interpretation of the structural contour map of the base of freshwater across the SVGB (see Figure 7). 

Total Aquifer Thickness. Because SACFEM 2013 is simulated under confined conditions, the uppermost 
boundary of SACFEM2013 is defined at the water table. To develop a total saturated aquifer thickness 
distribution and, therefore, a total model thickness distribution, it was necessary to construct a groundwater 
elevation contour map and then subtract the depth to the base of freshwater from that groundwater 
elevation contour map. Average calendar year 2000 groundwater elevation measurements were obtained 
from the DWR Water Data Library. These measurements were primarily collected biannually, during the 
spring and fall periods; and these values were averaged at each well location to compute an average water 
level for each location. These values were then contoured, considering streambed elevations for the gaining 
reaches of the major streams included in the model, to develop a target groundwater elevation contour map 
for the year 2000. As described above, the distribution of the elevation of the base of freshwater was 
subtracted from this groundwater elevation contour map to provide an estimate of the distribution of the 
total saturated aquifer thickness across the model domain (see Figure 8).  

Model Layer Thickness. The strategy used to develop the overall layering of the SACFEM2013 model was to 
develop a tool that provides a sufficient number of layers to assess the effects of groundwater pumping on 
shallow features such as wetlands and streams. The model also was developed to provide sufficient vertical 
resolution to allow assignment of pumping stresses to appropriate depths within the aquifer that reflect the 
major producing zones within the aquifer system. Additionally, to facilitate investigation of potential future 
conjunctive water management projects using the Lower Tuscan aquifer, the layering strategy also provided 
for two layers explicitly representing this deep aquifer system.  

Layer 1 of the SACFEM2013 model was assigned a maximum thickness of approximately 65 feet (20 meters). 
The thickness of this layer was limited to provide more accurate shallow groundwater elevations with which 
to support evaluations of the effects of changing groundwater levels on surface streams and wetland/ 
riparian areas. Layers 2 through 5 represent the more regional groundwater-producing zones within the 
Valley. The thicknesses of these layers were assigned using a specified percentage of the available aquifer 
thickness at a given location, to provide multiple-depth zones within which to assign regional pumping. The 
assumed layer thicknesses for Layers 2 through 5 were also selected to reflect typical screened intervals of 
production wells in the SVGB. The thicknesses of Layers 2 through 4 each represent approximately 
10 percent of the total aquifer thickness (1 to 107 meters, 3 to 350 feet), and the thickness of Layer 5 
represents approximately 15 percent of the total aquifer thickness on average (1 to 193 meters, 3 feet to 
633 feet).  

Where the Lower Tuscan aquifer is present (the northeastern and central portions of the Valley), the 
elevation of the top of Layer 6 was defined by the structural contour surface of the top of the Lower Tuscan 
aquifer (Figure 9). Two layers were assigned to represent this unit because, in many areas of the model, the 
depth to the base of fresh water (the base of the model) is as much as 900 feet below the upper surface of 
the Lower Tuscan. Groundwater production wells drilled into the Lower Tuscan would almost certainly be 
screened over a much smaller depth interval. To represent this condition in the model, Layer 6 was assigned 
a thickness of between 250 to 360 feet (75 to 110 meters) in the central portion of the northern SVGB. The 
total range in Layer 6 thickness is approximately 3 to 580 feet (1 to 177 meters). The remaining Lower 
Tuscan thickness not apportioned to Layer 6 was assigned to Layer 7. The exception to this convention is in 
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the northeastern portion of the model near the City of Chico. The Lower Tuscan outcrops in the foothills 
above Chico; thus, in these areas, all layers of the model represent the Lower Tuscan aquifer. Moving west 
from Chico, a transition zone exists where a decreasing number of layers represents the Lower Tuscan until 
it is limited to Layers 6 and 7, as discussed above. In areas where the Lower Tuscan is not present, the 
thicknesses of Layers 6 and 7 represent 18 and 27 percent of the total aquifer thickness, respectively. A 
contour map of the total saturated aquifer thickness is presented on Figure 8, and cross sections illustrating 
SACFEM2013 model layers are presented on Figures 10 and 11 (these oversized figures are presented at the 
end of this report). 

3.2.2 Subsurface Hydraulic Parameters 
The hydraulic parameters in the SACFEM2013 were initially assigned using available and relevant field data 
from previous investigations. Subsurface hydraulic properties required by MicroFEM include the horizontal 
hydraulic conductivity (Kh) and the vertical resistance. 

3.2.2.1 Horizontal Hydraulic Conductivity 
The distribution of aquifer properties across the SVGB is poorly understood. In certain areas with significant 
levels of groundwater production, the collection of aquifer test data and the measurement of historical 
groundwater-level trends in response to known groundwater production rates have provided valuable 
information on aquifer properties. However, in the majority of the Valley, these data are not available.  

To estimate the spatial distribution of aquifer properties across the model domain for this numerical 
modeling effort, a database of well productivity information was used. In consultation with DWR staff, a 
database was obtained that included all of the specific capacity yield data that were available from well log 
records. These data were compiled along with well construction information for each production well to 
yield a representative data set of well productivity across the Valley. Wells that did not have available 
construction data were omitted from further consideration. To protect owner privacy, the exact location of 
each well was modified by DWR staff to reflect the center of the section in which each well was located. This 
modification in well location did not adversely affect the use of the data to estimate the spatial distribution 
of aquifer properties, given the extremely large area encompassed by the model domain. Approximately 
1,000 wells in the database within the model domain were used in this analysis. 

The intent of the modeling analysis described herein is to simulate the effects of operating high-productivity 
irrigation wells screened within the major producing zones in the Valley to support conjunctive water 
management projects. Therefore, the aquifer properties that are of primary interest are those of the major 
aquifer zones tapped by large-diameter irrigation wells. The well database described above was filtered to 
remove data obtained from tests on low-yield and shallow, domestic-type wells. All test data from wells that 
reported a well yield below 100 gpm were eliminated from consideration, as were the test data from wells 
with a total depth of less than 100 feet. The only exception to this second consideration was for wells that 
were located along the basin margins – where aquifers are thin – that reported what appeared to be valid 
test results. Data from these wells were considered because they were often the only data available in the 
basin margin areas.  

After the data set for consideration was finalized, the reported specific capacity data for each well were 
used to estimate an aquifer transmissivity for that location. The relationship used to estimate aquifer 
transmissivity was the following form of a simplified version of the Jacob non-equilibrium equation:  

 𝑆𝑆𝑐𝑐 =  𝑇𝑇
2000

 (1) 
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Where: 

Sc = specific capacity of an operating production well (gallons per minute per foot of drawdown) 

T  = aquifer transmissivity (gallons per day per foot) 
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After a transmissivity estimate was computed for each location, the transmissivity value was then divided by 
the screen length of the production well to yield an estimate of the aquifer Kh. The final step in the process 
was to smooth the Kh field to provide regional-scale information. Individual well tests produce aquifer 
productivity estimates that are local in nature, and might reflect small-scale aquifer heterogeneity that is not 
necessarily representative of the basin as a whole. To average these smaller-scale variations present in the 
data set, a FORTRAN program was developed that evaluated each independent Kh estimate in terms of the 
available surrounding estimates. When this program is executed, each Kh value is considered in conjunction 
with all others present within a user-specified critical radius, and the geometric mean of the available Kh 
values is calculated. This geometric mean value is then assigned as the representative regional hydraulic 
conductivity value for that location. The critical radius used in this analysis was approximately 6 miles 
(10,000 meters). The point values obtained by this process were then gridded to develop a Kh distribution 
across the model domain. The aquifer transmissivity at each model node within each model layer was then 
computed using the geometric mean Kh values at that node times the thickness of the model layer. 
Insufficient data were available to attempt to subdivide the data set into depth-varying Kh distributions, and 
it was, therefore, assumed that the computed mean Kh values were representative of the major aquifer 
units in all model layers.  

The distribution of Kh was used as a calibration parameter for SACFEM2013, and minor adjustments were 
made during the calibration process. Figures 12 and 13 present the final Kh distributions for model Layers 1 
through 5 and model Layers 6 and 7. The final distribution of Kh in model Layer 1 is slightly lower than model 
Layers 2 through 5 east of Dunnigan Hills; however, this is not readily apparent given the 20-foot contour 
interval on Figure 12. Further, bedrock areas within the interior of the SVGB were assigned Kh values of 
1 foot per day in all model layers. 

3.2.2.2 Vertical Resistance 
MicroFEM computes vertical flow between adjacent model layers based on the simulated head difference 
between adjacent model layers and the vertical resistance term. The vertical resistance term in MicroFEM is 
calculated as follows: 

𝑐𝑐 = �𝐴𝐴𝐴𝐴 × 𝑚𝑚𝑚𝑚 𝑖𝑖 ÷2
𝑚𝑚𝑖𝑖

�+ �𝐴𝐴𝐴𝐴 ×  𝑚𝑚𝑚𝑚 𝑖𝑖+1÷2
𝑚𝑚𝑖𝑖+1

� 
2 2

(2) 

Where: 

c = Vertical resistance to flow between an upper model layer (i) and adjacent lower model layer (i+1) 
 (days-1) 

AF = Anisotropy factor (ratio of horizontal to vertical hydraulic conductivity [Kh:Kv]) 
Kv = Vertical hydraulic conductivity 
mti = Saturated thickness of model layer i (length [L]) 
mti+1 = Saturated thickness of model layer i+1 (L) 
ti = Transmissivity of model layer i (L2/time [T])  
ti+1 = Transmissivity of model layer i (L2/T)  

The Kh:Kv values were assumed to be 500:1 in Layers 2 through 7 and 50:1 in Layer 1 at all model nodes 
except those representing bedrock areas. The Kh:Kv in areas of bedrock outcrop (such as the Sutter Buttes, 
Black Butte, and Dunnigan Hills) was assumed to be 1:1 in all model layers. 

3.2.2.3 Aquifer Storage 
The specific yield of model Layer 1 was assumed to be 12 percent throughout the SACFEM2013 model 
domain. The aquifer storativity of model Layers 2 through 7 is 6.5x10-5 multiplied by model layer thickness 
throughout the majority of the model domain, with variations along small portions of the model boundary. 
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3.2.3 Model Time Discretization 
Time is continuous in the physical system, but a numerical model must describe the field problem at discrete 
time intervals. SACFEM2013 was set up to simulate transient flow conditions between WY1970 and WY2010. 
The period WY1970 through WY2010 was used because it includes very wet periods such as the winter of 
WY1983, as well as dry periods such as the WY1976 to WY1977 and WY1988 through WY1992 droughts. Using 
a climatic period of this type allows for assessing model accuracy and the water budgeting process and 
replicating observed conditions during periods of extreme hydrologic conditions, as well as the more average 
conditions that persisted throughout the remainder of the calibration period. The 41-year simulation was 
discretized with monthly stress periods. As such, model stresses (such as stream stage, groundwater pumping, 
deep percolation) and model output are assigned/evaluated monthly.  

3.2.4 Boundary Conditions 
Boundary conditions are mathematical statements describing either the head or the groundwater flux 
within a model domain (Anderson and Woessner, 1992). Correct selection of boundary conditions is a 
critical step in model construction because boundaries largely determine the flow pattern in steady-state 
models. Boundary conditions can represent either physical boundaries, such as impermeable rock, or 
hydraulic boundaries, such as groundwater divides or streamlines. The following types of boundary 
conditions are used with the SACFEM2013:  

• Head-dependent flux: The flux across the boundary is calculated as a function of a defined head and a 
resistance term (which regulates seepage) by using an appropriate governing flow equation. 

• Specified-flux: A prescribed groundwater flux is defined along the boundary or within the model domain.  

3.2.4.1 Head-dependent Flux Boundaries 
Groundwater-Surface Water Interaction. A head-dependent boundary condition was chosen to simulate 
the major streams, flood bypasses, and reservoirs within the SVGB. The MicroFEM wadi system was used to 
implement streams within the model domain. MicroFEM’s wadi package is a two-way, head-dependent 
boundary condition (that is, it can act as a source of groundwater recharge or as a groundwater sink) that 
calculates the magnitude and direction of nodal fluxes by using the relative values of the user-specified 
stream stage (wh1) and the calculated head in the upper aquifer (h1), but is limited by a critical depth (wl1). 
When calculated groundwater elevations fall below this critical depth, it is assumed that the water table 
de-couples from the river system, and the leakage rate from the river to the aquifer becomes constant. The 
equations that govern operation of the wadi package are as follows: 

Groundwater discharge to a stream is simulated if h1 > wh1: 

 Qoutflow = a * (h1 - wh1) / wc1 (3) 

 Qinflow = a * (wh1 - wl1) / wc1  (5) 
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 Qinflow = a * (wh1 - h1) / wc1  (4) 

In de-coupled streams (groundwater elevation is below the stream bottom elevation), groundwater 
recharge from a stream is simulated if: 

In coupled streams (groundwater elevation is above the stream bottom elevation), groundwater recharge 
from a stream is simulated if h1 < wh1: 

Where: 
Q  = volumetric flux (L3/T) 
a  = nodal area (L2) 
h1  = simulated groundwater elevation in layer 1 (L) 
wh1  = simulated stream stage (L) 
wl1  = stream bottom elevation (L) 
wc1  = resistance across the streambed (T-1) 
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Nodal area is a grid-dependent parameter that can be automatically calculated within MicroFEM. In general, 
the nodal area around a node that represents a discrete reach of a stream is greater than the surface area of 
that stream along the reach in the field. The effective resistance term (wc1) incorporates an areal correction 
factor to account for this discrepancy; the wadi resistance term (wc1) is a measure of the resistivity of the 
streambed sediments. The resistances are calculated as follows: 

 wc1 = Dr/Kv * (a/LW) (6) 

Where: 

Dr  =  thickness of streambed sediments (L) 
Kv  =  vertical hydraulic conductivity of streambed sediments (L/T) 
L  =  stream length represented by the model node (L) 
W  = field width of the wetted river channel within the stream reach represented by L (L) 

Fifty individual streams are simulated with MicroFEM’s wadi package in the current version of SACFEM2013. 
Stream locations were digitized from existing base maps and USGS topographic quad sheets and imported 
into the model domain. Figure 14 presents the locations of surface water features included in SACFEM2013. 
Stream length within a given node is a grid-dependent variable calculated by MicroFEM at each river node. 
The stream-length term is generally overestimated by MicroFEM at stream confluences. Manual corrections 
of this term were made where necessary. Streambed thickness was assumed to be 3.28 feet (1 meter) for all 
river nodes. Assumptions of streambed Kv were based on the type of streambed deposits expected given 
stream size. Further, the streambed Kv for individual streams was included as a calibration parameter for 
SACFEM2013. Figure 15 presents the final distribution of streambed Kv. These data are also included in 
Table 2. Streams draining the Sierra Nevada were generally assigned lower streambed Kv values, with all 
streams except the Bear River and Big Chico Creek having values of 6.6 ft/day (0.0023 centimeters per 
second [cm/s]) or less. Westside streams were assigned higher values, with most having assigned Kv values 
greater than or equal to 16.4 ft/day (0.0058 cm/sec).  

Wetted stream width was calculated from aerial photographs at two locations along each stream. Table 3 
presents the average wetted stream width included in SACFEM2013. Few streams showed greater variability 
in width to necessitate developing a continuously variable distribution along the stream length. This was 
accomplished by estimating wetted stream width at several points via examination of aerial photographs 
and fitting a polynomial to the data points to interpolate between the measured points. The ranges of 
wetted stream width are included in Table 3 for these streams. 

Representation of Streams. Previous versions of SACFEM included average stream stage elevations (wh1) in 
the model simulations that did not vary through time. SACFEM2013 incorporates transient stream stage 
elevations to improve the representation of stream-groundwater interaction under varying hydrologic 
conditions. Review of historical river stage data shows that stage along the Sacramento and Feather rivers 
can vary by up to approximately 20 feet between high winter flows and low summer flows. Figure 16 is a 
plot of historical stage data for the Sacramento and Feather Rivers that illustrates this variability.  

A data set of transient stream stage (wh1) was developed for use in SACFEM2013. This involved multiple 
steps and several assumptions as described in the following sections. There are 55 rivers, streams, and 
surface water canals or drains and reservoirs explicitly represented in SACFEM2013 (see Figure 14). These 
55 surface water features are represented by approximately 5,500 model nodes. As discussed in Section 2.1, 
SACFEM2013 simulates a 41-year period from WY1970 through WY2010 with 492 monthly time-steps. 
Therefore, transient stream stage inputs for SACFEM2013 number approximately 2.7 million separate inputs 
for the entire simulation period (i.e., 5,500 nodes multiplied by 492 time-steps). 

Estimating Streambed Elevations. The first step in developing transient stream stage inputs was to estimate 
the streambed elevation for each stream node. MicroFEM input for stream boundary conditions consists of 
a water surface elevation (WSE) for each node that must relate to the model streambed elevation for the 
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node. Streambed elevations must also relate to model ground surface elevation for surrounding nodes. 
Therefore, a consistent vertical datum must be used for ground surface, streambed, and WSE. 

The ground surface in SACFEM2013 is based on 30-meter digital elevation model (DEM) data. Model ground 
surface was developed through a GIS analysis that intersected the SACFEM2013 grid with 30-meter DEM 
data and calculated statistics for areas that contribute to each SACFEM2013 node. Statistics include the 
maximum, minimum, and mean elevations for areas that contribute to each node. Ground surface elevation 
for each node was assumed to be equal to the mean DEM elevation. An initial streambed elevation was 
estimated as the minimum DEM elevation for the area that contributes to each stream node.  

Minimum DEM elevations, or initial streambed elevations, for each stream were reviewed and plotted 
versus stream node distance from the confluence. These plots illustrate initial streambed elevation based on 
DEM data from downstream to upstream. Figure 17 is an example of the initial streambed elevation data for 
all Sacramento River stream nodes. 

Review of initial streambed elevations for many streams showed unrealistic increases and decreases in 
streambed elevations between nodes. For the Sacramento River, minimum DEM elevations provided 
streambed elevations that are generally flat in the lower reaches of the Sacramento River in and near the 
Sacramento-San Joaquin River Delta, and a steeper streambed slope at the upstream end of the model. 
These are expected results based on the topography of the Sacramento Valley. However, there are also 
areas of significant variation in streambed elevation such as the reach between 75 and 100 miles upstream 
from the confluence with the San Joaquin River (see Figure 17). These variations illustrate limitations of 
using 30-meter DEM data and GIS analysis to estimate streambed elevation. Therefore, for each stream, a 
polynomial trend line was fit through the minimum DEM elevations to provide a more ordered set of 
streambed elevations. Figure 18 illustrates the trend line used to estimate streambed elevation along the 
Sacramento River. The trend line provides a set of well-ordered streambed elevations that decrease from 
upstream to downstream while generally following the topography of the basin.  

Stream Stage. A well-ordered estimate of streambed elevation is needed to best utilize available stage and 
flow data. SACFEM2013 stream stage inputs were developed to represent historical stage that occurred in 
each surface water feature. Therefore, historical stream stage and flow data were collected and analyzed. 
These data were collected from a variety of sources including USGS records, DWR gage records and 
publications, and available data from local water districts and agencies. Available stream stage data are 
frequently based on different vertical datums, including elevations for individual gages that cannot be 
related to a standard vertical datum such as North American Vertical Datum of 1988 (NAVD 88). Therefore, 
it is not possible to establish a consistent vertical datum for all available stage and flow data. Additionally, 
many gaged streams report only stream flow, not stage, and rating curves are not readily available for most 
of these streams, or if available, rating curves do not provide the vertical datum. 

To utilize as much of the available gage data as possible while addressing the issue of multiple or unknown 
vertical datums, historical stage data were assumed to approximate stream depth above the streambed 
elevation. Historical stream depths were then added to estimated streambed elevations to determine water 
surface elevations for input into SACFEM2013. 

There were multiple challenges to develop a complete and realistic dataset of water surface elevations for 
all surface water features in SACFEM2013. These challenges included estimates for ungaged streams or 
gaged streams with an incomplete record, estimates for stage along the entire length of the stream based 
on a single gage location, and methods to estimate water surface elevations at stream confluences.
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TABLE 2 
Assumed Streambed Vertical Hydraulic Conductivity 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual 

Vertical Hydraulic Vertical Hydraulic 
Conductivity Conductivity 

Stream (foot/day) (centimeters/second) 

American River 0.1 3.47E-05 

Antelope Creek 0.3 1.16E-04 

Auburn Ravine 0.7 2.31E-04 

Bear River 32.8 1.16E-02 

Big Chico Creek 3.3 – 32.8 1.16E-03 – 1.16E-02 

Black Butte Reservoir 3.3 1.16E-03 

Butte Bypass 0.3 1.16E-04 

Butte Creek 3.3 1.16E-03 

Cache Creek 16.4 5.79E-03 

Colusa Basin Drain 0.3 1.16E-04 

Consumnes River 0.3 1.16E-04 

Coon Creek 6.6 2.31E-03 

Cortina Creek 32.8 1.16E-02 

Deer Creek (Tehama County) 0.3 1.16E-04 

Deer Creek (Sacramento County) 0.3 1.16E-04 

Dry Creek (Yolo County) 3.3 1.16E-03 

Dry Creek (Yuba County) 6.6 2.31E-03 

Eastside Cross Canal 6.6 2.31E-03 

Elder Creek 0.3 1.16E-04 

Feather River 3.3 1.16E-03 

French Creek 3.3 1.16E-03 

Freshwater Creek 16.4 5.79E-03 

Funks Creek 3.3 1.16E-03 

Glen Colusa Irrigation District Canal 0.3 – 3.3 1.16E-04 – 1.16E-03 

Honcut Creek 3.3 1.16E-03 

Little Chico Creek 3.3 1.16E-03 

Lurline Creek 32.8 1.16E-02 

Mill Creek (Eastern Tehama County) 3.3 1.16E-03 

Mill Creek (Western Tehama County) 0.3 1.16E-04 

Mokelumne River 0.3 1.16E-04 

North Honcut Creek 3.3 1.16E-03 

North Fork Walker Creek 0.3 1.16E-04 

Paynes Creek 0.3 1.16E-04 

Putah Creek 3.3 1.16E-03 

RD108 Main Drain 3.3 1.16E-03 

South Honcut Creek 3.3 1.16E-03 

Sacramento River 0.3 – 3.3 1.16E-04 – 1.16E-03 
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TABLE 2 
Assumed Streambed Vertical Hydraulic Conductivity 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual    

Vertical Hydraulic Vertical Hydraulic 
Conductivity Conductivity 

Stream (foot/day) (centimeters/second) 

Salt River 32.8 1.16E-02 

San Joaquin River 3.3 1.16E-03 

Sand Creek 6.6 2.31E-03 

Seven Mile Creek 0.3 1.16E-04 

South Fork Willow Creek 32.8 1.16E-02 

Spring Valley Creek 16.4 5.79E-03 

Stone Corral Creek 16.4 – 32.8 5.79E-03 – 1.16E-02 

Stoney Creek 3.3 – 32.8 1.16E-03 – 1.16E-02 

Sutter Bypass 0.3 1.16E-04 

Lower Sycamore Slough 0.7 2.31E-04 

Thermalito 3.3 1.16E-03 

Thomes Creek 16.4 5.79E-03 

Walker Creek 0.3 1.16E-04 

Wilkins Slough Canal 3.3 1.16E-03 

Willow Creek 32.8 1.16E-02 

Wilson Creek 0.3 1.16E-04 

Yolo Bypass 0.3 1.16E-04 

Yuba River 3.3 1.16E-03 

 

TABLE 3 
Wetted Stream Width Values 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual   

Wetted Stream Width 
Stream Name (feet) 

American River 394 

Antelope Creek 49 

Auburn Ravine 33 

Bear River 91 – 167 

Big Chico Creek 49 

Butte Creek 43 – 144 

Cache Creek 39 – 108 

Colusa Basin Drain 24 – 100 

98 

Coon Creek 49 

Cortina Creek 33 

Deer Creek (Tehama County) 66 

Deer Creek (Sacramento County) 49 
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TABLE 3 
Wetted Stream Width Values 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual   

Stream Name 
Wetted Stream Width 

(feet) 

Dry Creek (Yuba County) 49 

Dry Creek (Yolo County) 49 

Eastside Cross Canal 49 

Elder Creek 13 – 79 

Feather River 233 – 758 

French Creek 16 

Freshwater Creek 33 

Funks Creek 33 

Glen Colusa Irrigation District Canal 43 – 242 

Honcut Creek 49 

Little Chico Creek 20 – 144 

Lurline Creek 33 

Mill Creek (Eastern Tehama County) 49 

Mill Creek (Western Tehama County) 33 

Mokelumne River 312 

North Fork Walker Creek 33 

North Honcut Creek 66 

Paynes Creek 33 

Putah Creek 61 – 95 

RD108 Main Drain 65 

Sacramento River 230 – 4,433 

Salt River 16 

San Joaquin River 3,248 

Sand Creek 33 

Sevenmile Creek 33 

South Fork Willow Creek 33 

South Honcut Creek 49 

Spring Valley Creek 16 

Stone Corral Creek 33 

Stoney Creek 56 – 131 

Sycamore Slough 10 – 115 

Thomes Creek 49 

Walker Creek 49 

Wilkins Slough Canal 49 

Willow Creek 33 

Wilson Creek 33 

Yuba River 230 – 356 
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Ungaged Streams and Incomplete Records. Review of available stream stage and flow data identified 
available records for all or a part of the simulation period for 35 streams and canals explicitly represented in 
SACFEM2013. The remaining surface water features were estimated using data from nearby and similar 
gaged streams. The majority of ungaged streams are small streams on the west side of the Colusa Basin or 
small streams near the Bear River. Incomplete gage records were extended or missing periods filled by 
correlation with nearby and similar streams with complete records, when an adequate correlation could be 
developed. When an adequate correlation could not be developed, these streams were estimated based on 
nearby and similar gaged streams. 

Stage along Length of Streams. Most gaged streams are gaged at only one location along the entire length 
of the stream. This information provides one data point on stream stage that must then be extended along 
the entire length of the stream for all stream nodes. Absent any additional data, it was assumed that depth 
of water at the gage location is uniform along the length of the stream. Multiple factors can affect stream 
stage along the length of the stream including watershed area contributing to flow, diversions and return 
flows from the stream, channel geometry, and others. Attempting to research and account for all such 
factors for each stream would be a significant undertaking beyond the scope of this project. Exceptions to 
this assumption are the Sacramento and Feather Rivers. Multiple gages for flow or stage exist along these 
two rivers, and these gages were used to develop SACFEM2013 inputs. Table 4 shows the gage data used to 
estimate stream depth along each river. 

TABLE 4 
Gage Locations Used to Estimate Sacramento and Feather River Stage 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual   

Sacramento River Gages Feather River Gages 

Bend Bridge Gridley 

Colusa Yuba City 

Wilkins Slough Nicolaus 

Verona  

Freeport  

 
Water depth at stream nodes nearest gage locations was set equal to the gage record. Water depth at 
stream nodes between each gage location was interpolated based on stream distance. Water depths at 
stream nodes upstream of the most upstream gage (i.e., Bend Bridge on the Sacramento River and Gridley 
on the Feather River) were assumed to equal depth at the gage. Water depths in the Sacramento River 
downstream of Freeport were assumed to equal water depth at Freeport. Water depths in the Feather River 
between Nicolaus and the confluence with the Sacramento River were determined based on gage data at 
Nicolaus and the estimate of Sacramento River water surface elevation at the confluence as described in the 
following section. 

Stream Confluences. An additional review was undertaken and adjustment was made where tributary 
streams join the Sacramento and Feather Rivers. In some streams and time-steps, WSE in tributary stream 
nodes at the downstream end of the stream was below the calculated WSE in the trunk stream where the 
tributary entered. For these tributary streams and time-steps, the WSE in the tributary stream nodes was set 
equal to the WSE in the trunk stream to represent a back-water effect at the confluence. This adjustment 
was made at each tributary stream node where the calculated WSE was less than that in the trunk stream 
for the given time-step.  

Review and Quality Assurance. WSE inputs were calculated for each of the approximately 5,500 stream and 
canal nodes simulated in SACFEM2013 for each of the 492 model time-steps. A spreadsheet was developed 
to plot streambed and water surface elevation for a given stream and time-step as a method to review and 
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check the input files. A plot for each time-step was created and saved for a given stream, and all plots were 
compiled into a single audio video interleave (AVI) file to illustrate stream WSE throughout the simulation 
period. AVI files were reviewed to ensure that input WSEs were reasonable and varied appropriately 
through time.  

Figure 19 is an example of individual time-step plots for the American River WSE. Figure 19 illustrates WSE 
and the streambed in February 1986 during a large flood event, and August 1992 during a critical drought.  

Figure 19 illustrates change in American River WSE for these two months. Figures such as these were 
developed for each time-step and reviewed to ensure WSE increased and decreased appropriately through 
time and relative to simulated streambed elevation. These figures also illustrate how WSE at the 
downstream end of the American River was adjusted based on the WSE in the Sacramento River in these 
time-steps. WSE at nodes in the downstream end of the American River is controlled by stage in the 
Sacramento River in both figures. WSE in these nodes was set equal to the WSE in the Sacramento River at 
the confluence with the American to represent back-water effects in the lower American River and avoid 
having adjacent stream nodes with significant differences in simulated WSE. 

Representation of Flood Bypasses. A similar process was used to estimate water surface elevation within 
flood bypass areas in the SVGB. These areas differ from stream nodes in that the majority of nodes within 
the flood bypass areas are typically dry. However, during wet periods some or all of these nodes are flooded 
and represent a source of aquifer recharge in SACFEM2013. 

Definition of Flood Bypass Areas. The first step in calculating WSE inputs in flood bypass areas was to 
delineate areas within the three major flood bypasses of the Butte Basin, Sutter Bypass, and Yolo Bypass. 
Each of these three major areas was further divided into sub-areas based on locations of major inflows or 
outflows. Existing GIS data on locations of levees and bypasses were used to identify bypass areas. Figure 20 
illustrates the flood levee locations and the polygons used to represent the flood bypass areas and where 
those areas were subdivided.  

After flood bypass areas were identified in GIS, bypass areas were intersected with the SACFEM2013 model 
grid to identify model nodes within bypass areas. This process identified 15,742 model nodes within bypass 
areas. Model ground surface elevation for these nodes was also identified based on 30-meter DEM data 
statistics for the area contributing to each node. The minimum elevation from the GIS intersection with DEM 
data was used as ground surface for nodes within bypass areas.  

The approach to calculate WSE within flood bypass areas differs from that used for streams and other 
surface water features. An actual WSE was calculated based on historical flow data and flow-stage 
relationships from existing hydraulic models of the Sacramento River flood control system. Historical flow 
data were compiled from a variety of sources including USGS gage records and DWR’s Water Data Library 
and California Data Exchange Center. Flows within bypass areas are from streams such as Butte and Cache 
Creeks plus flows over the Moulton, Colusa, Tisdale, Fremont, and Sacramento weirs. Flow goes over these 
weirs and into the bypass areas when stage is high in the Sacramento and Feather Rivers.  

Flow was estimated at each of the lines that separate the flood bypass sub-areas on Figure 20. These 
separating lines represent cross section locations in the hydraulic model. For example, flow was estimated at 
the horizontal line that separates the upper Butte Basin area (BB1 Upper) from the middle Butte Basin area 
(BB2 Middle). Streams that contribute to flow in the upper Butte Basin area include Big and Little Chico 
creeks and Butte Creek. These flows were summed to estimate flow at the cross section between the upper 
and middle Butte Basin areas. Estimates of flow at downstream cross sections were made by adding 
additional inflows to the estimated flow at the upstream cross section. For example, flow at the cross 
section that separates the middle and lower Butte Basin (BB3 Lower) area was estimated by adding spills 
over the Moulton Weir to flows at the upstream cross section.
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Flows at each cross section were used to calculate a WSE at the cross section. Flow-stage relationships from 
hydraulic models were used to estimate WSE with the same vertical datum as the ground surface in 
SACFEM2013. It was assumed that WSE changed linearly from upstream to downstream, and WSE at nodes 
between cross sections was interpolated from WSE at the upstream and downstream cross sections based 
on distance. WSE in the most upstream section, upper Butte Basin area (BB1 Upper), and most downstream 
section, lower Yolo Bypass (YB4 Lower), was assumed to be constant. This assumption is reasonable for the 
lower Yolo Bypass where flow enters the Sacramento-San Joaquin Delta. This assumption was made for the 
upper Butte Basin because there is little data to estimate inundated areas. 

Calculated WSE was compared to ground surface elevation for each node to determine if the node was 
flooded. Some nodes within flood bypass areas are at higher elevation and may not flood at the same time 
as lower elevation nodes. WSE is calculated only for nodes that are flooded during a given time-step. Nodes 
that are not flooded are identified with a WSE of “-99” in the input files. 

Review and Quality Assurance. WSE inputs are calculated for each of the 15,742 model nodes located 
within flood bypass areas for each of the 492 model time-steps. A spreadsheet was developed to plot WSE 
for all bypass area nodes compared to ground surface to review and check input files in each time-step. 
These plots were saved and compiled into a single AVI file to allow for easier review. Figure 21 is an example 
of one plot for the January 1995 time-step when most of the flood bypass areas were flooded.  

Figure 21 is a plot of ground surface and WSE for each of the 15,742 model nodes in January 1995. The x-axis 
is the northing, so that the left side of the plot illustrates the downstream end of the flood bypass areas, the 
lower Yolo Bypass, and the right side illustrates the upstream end or upper Butte Basin. Cross sections are 
denoted by the black vertical lines that also mark changes in slope in the WSE line. Multiple ground surface 
elevations for a given northing indicate the multiple model nodes in the east-west direction across the flood 
bypass area. In the lower Yolo Bypass, many nodes have ground surface elevations above the WSE in this 
time-step and are not flooded. This is consistent with the topography of the lower Yolo Bypass where areas 
on the western side of the bypass are at higher elevation and flood less frequently than the eastern side. 

Reservoir Water Surface Elevation. The final surface water bodies simulated in SACFEM2013 using 
MicroFEM’s wadi package are the major reservoirs located within the interior of the SVGB, Black Butte 
Reservoir and Thermalito Afterbay. The lake bottom elevations were assumed to be constant for both 
reservoirs, and were simulated as 100 feet below the average DEM elevation (assumed to represent lake 
stage) for Black Butte Reservoir and 40 feet below the average DEM elevation for Thermalito Afterbay. The 
wc1 values were assumed to be 1 for both reservoirs. The lake-stage elevation was assumed to be constant 
spatially across each reservoir; however, historical data were evaluated to develop monthly-variable lake-
stage datasets for the SACFEM2013 simulation period. 

Groundwater Discharge to Land Surface. MicroFEM’s drainage package was used to simulate boundary 
conditions across the top surface of the model, excluding nodes where wadi boundaries exist. Drainage 
boundary conditions are one-way head-dependent boundaries that allow the transfer of water out of the 
model domain only. The elevation of the drain boundaries were set at the land surface. The drain 
boundaries were included in the model to represent a combination of surficial processes that occur in areas 
of shallow groundwater, including evapotranspiration and groundwater discharge to the surface. 
Additionally, specific streams and flood bypasses were converted from wadi boundary conditions to drain 
boundary conditions during periods when a given surface water body was interpreted as being dry. 
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Groundwater discharge to a drain is simulated as follows if h1 > dh1: 

 Qoutflow = a * (h1 - dh1) / dc1  (7) 

Where: 

Q  = volumetric flux (L3/T) 
a  = nodal area (L2) 
h1  = simulated groundwater elevation in model layer 1 (L) 
dh1  = simulated drainage boundary elevation (L) 
dc1  = resistance of the drainage boundary (T-1) 

Groundwater discharge to a drain is simulated as follows if h1 < dh1:  

 Qoutflow = 0 (8) 

The parameter dc1 represents the drain conductance and is a measure of the resistance to flow across the 
drain boundary. The dc1 was assumed to be 500 throughout the model domain. 

3.2.4.2 Specified-flux Boundaries  
Three sets of specified-flux boundary conditions were implemented in the SACFEM2013 model. These 
conditions are as follows: (1) deep percolation of applied water and precipitation along with agricultural 
pumping, (2) mountain-front recharge, and (3) urban pumping. Each is discussed in more detail below. 

Deep Percolation of Applied Water, and Precipitation and Agricultural Pumping. The first set of specified-
flux boundary conditions reflects the deep percolation of precipitation and applied water across the Valley, 
as well as the regional agricultural pumping. The deep percolation flux values were applied to every surface 
node in the model. The pumping stresses due to agricultural pumping were applied at selected locations in 
model Layers 2 through 4 (the depths of the regional producing zones across the Valley). The spatial 
distribution and magnitudes of these fluxes were derived from the surface water budget calculations 
described in full detail in the Surface Water Budget, Section 3.2.5.  

Mountain-front Recharge. The second set of specified-flux boundary conditions represents the subsurface 
inflow of precipitation falling within the Sacramento River watershed but outside the extent of the model 
domain. To estimate these flux values, the USGS 30-meter DEM along with GIS-based hydrography 
coverages for the SVGB were used to delineate the drainage areas that are tributary to the model domain 
but fall outside of the watersheds of the streams explicitly represented in the model. It is these areas that 
can contribute water to the model domain but are not accounted for in the wadi boundary conditions 
defined in the model. After the extents of these watershed areas were defined, they were intersected with 
monthly PRISM4 rainfall datasets using GIS tools, and the volume of precipitation falling on the watershed 
was computed. Using the computed total volume of precipitation, the deep percolation to the groundwater 
system was calculated using the following empirical relationship developed by Turner (1991): 

 DP = (PPT-2.32)*(PPT)0.66 (9) 

Where:  

DP  = average annual deep percolation of precipitation (inches per year) 
PPT  =  annual precipitation (inches per year) 

The process that was used to estimate the quantity of subsurface inflow, otherwise known as mountain-
front recharge, is summarized as follows: 
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1. The area of each drainage basin tributary to the model domain that is not represented by streams 
explicitly simulated in SACFEM2013 was computed using a GIS-based analysis of the land surface 
topography. The extent of these smaller watersheds is shown on Figure 22. 

2. Each drainage area polygon was then intersected with a GIS coverage of annual total rainfall estimated 
using the PRISM model for each year of the simulation period. This distribution of annual average 
rainfall was then used to calculate the total volume of rainfall falling on the small watershed areas, and 
an overall average rainfall rate was computed (inches per year).  

3. The total annual rainfall rate was then used to compute a deep percolation quantity using the 
relationship between annual rainfall and deep percolation rate developed by Turner (1991) and 
described above.  

4. The annual volume of deep percolation computed in Step 3 was then converted into monthly values that 
were based on the monthly distribution of streamflow measured in ungaged sections of Deer Creek 
(Table 5). These monthly deep percolation quantities were then introduced at the model domain 
boundary of each small watershed polygon using injection wells into Layer 1. The quantity applied to 
each model boundary node was proportional to boundary length of each element divided by the total 
boundary length of the drainage polygon. 

5. The deep percolation rates for individual drainage basins were adjusted during SACFEM2013 calibration 
to improve the match between simulated and measured groundwater elevations. Final factors applied 
to the deep percolation rates range from 0.5 to 1.5 (Table 6). 

TABLE 5 
Monthly Distribution of Total Annual Mountain Front Recharge 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual   

Month Percentage of Annual Mountain Front Recharge (%) 

January 14.2 

February 15.2 

March 15.4 

April 13.6 

May 10.3 

June 5.1 

July 3.1 

August 2.6 

September 2.4 

October 3.0 

November 4.9 

December 10.2 
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TABLE 6 
Mountain Front Recharge Adjustment Factors 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual     

Sub-watershed 
Number Adjustment Factor 

Sub-watershed 
Number Adjustment Factor 

1 0.5 18 0.5 

2 0.5 19 1.5 

3 0.5 20 1 

4 0.5 21 1 

5 0.5 22 1.5 

6 1 23 1.5 

7 1 24 1 

8 1 25 1 

9 1 26 1 

10 1 27 1 

11 1 28 1 

12 1 29 1 

13 1 30 1 

14 1.5 31 1 

15 1.5 32 1 

16 1.5 33 1 

17 0.5 34 1 

 
Urban Pumping. The final set of specified-flux boundary conditions applied in the SACFEM2013 model 
reflects urban pumping within the model domain. The distribution of agricultural pumping that was 
developed using the surface water budgeting methodologies described below does not include urban 
pumping. As a first step to estimate the quantity of urban pumping to apply to the model, the year 2010 U.S. 
Census5 data were evaluated. Each municipal area with a population greater than 5,000 that used 
groundwater as a source of municipal supply was further assessed. For municipalities where urban water 
management plans were available, the reported annual groundwater use was simulated in SACFEM2013. 
For cities that do not have a current water management plan, a pumping volume that was based on an 
annual average per capita value of 271 gallons/capita/day was simulated. Further, municipalities in the 
northern Sacramento area pumping rates were assigned consistent with the SacIGSM model (WRIME, 2011). 
Table 7 presents the annual urban pumping volumes included in SACFEM2013. Urban pumping was assigned 
spatially to all SACFEM2013 nodes within a given city area and was apportioned equally to model Layers 2 
through 4. Figure 23 presents the locations of municipalities and SacIGSM subareas included in 
SACFEM2013. The monthly variability in urban pumping quantity was distributed based on typical seasonal 
trends for municipal water use listed in Table 8. 

5 http://www.census.gov/2010census/ 
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TABLE 7 
Urban Pumping 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual   

Urban Area 
SACFEM2013 Pumping Volume 

(acre-feet/year) Source 

Beale Air Force Base 401 Per Capita Estimate (census 2010) 

Chico 26,800 2010 Urban Water Management Plan 

Colusa 1,814 Per Capita Estimate (census 2010) 

Corning 2,328 Per Capita Estimate (census 2010) 

Davis 11,955 2010 Urban Water Management Plan 

Dixon 5,575 Per Capita Estimate (census 2010) 

Durham 1,676 Per Capita Estimate (census 2010) 

Elk Grove 46,484 Per Capita Estimate (census 2010) 

Florin 14,434 Per Capita Estimate (census 2010) 

Gold River 2,404 Per Capita Estimate (census 2010) 

Gridley 2,000 Per Capita Estimate (census 2010) 

La Riviera 3,282 Per Capita Estimate (census 2010) 

Lincoln 962 2010 Urban Water Management Plan 

Linda 5,399 Per Capita Estimate (census 2010) 

Live Oak 5,212 Per Capita Estimate (census 2010) 

Marysville 2,365 2010 Urban Water Management Plan 

Olivehurst and Plumas Lake 2,900 2010 Urban Water Management Plan 

Orland 2,215 Per Capita Estimate (census 2010) 

Oroville 0 Urban Water Management Plan 

Palermo 0 Urban Water Management Plan 

Parkway, Fruitridge, and Lemon 10,389 Per Capita Estimate (census 2010) 

Rancho Cordova 19,678 Per Capita Estimate (census 2010) 

Red Bluff 4,276 Per Capita Estimate (census 2010) 

Rio Vista 2,420 2010 Urban Water Management Plan 

Rocklin 0 2010 Urban Water Management Plan for 
Placer Co. Water Agency 

Rosemont 6,890 Per Capita Estimate (census 2010) 

Roseville 0 Urban Water Management Plan 

Sacramento 0   

South Oroville 1,744 Per Capita Estimate (census 2010) 

Thermalito 2,019 Per Capita Estimate (census 2010) 

University of California Davis 1,758 Per Capita Estimate (census 2010) 
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TABLE 7 
Urban Pumping 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual   

Urban Area 
SACFEM2013 Pumping Volume 

(acre-feet/year) Source 

Vacaville 6,500 2010 Urban Water Management Plan 

Vineyard 7,545 Per Capita Estimate (census 2010) 

West Sacramento 14,808 Per Capita Estimate (census 2010) 

Williams 1,556 Per Capita Estimate (census 2010) 

Willows 1,937 2010 Urban Water Management Plan 

Winters 2,012 Per Capita Estimate (census 2010) 

Woodland 13,921 2010 Urban Water Management Plan 

Yuba City 3,600 2005 Urban Water Management Plan 

North Sacramento SacIGSM Subarea    

Cal-AmAntelope 3,784 SacIGSM (1970-2004 average) 

Cal-AmLincolnOaks 8,092 SacIGSM (1970-2004 average) 

CarmichaelWD 4,524 SacIGSM (1970-2004 average) 

CitrusHeightsWD 3,202 SacIGSM (1970-2004 average) 

CityOfFolsom 142 SacIGSM (1970-2004 average) 

CityOfSacramentoEast 16,845 SacIGSM (1970-2004 average) 

CityOfSacramentoWest 8,917 SacIGSM (1970-2004 average) 

FairOaksWD 1,516 SacIGSM (1970-2004 average) 

McClellanPark 3,634 SacIGSM (1970-2004 average) 

Natomas Unorganized 2,488 SacIGSM (1970-2004 average) 

NatomasMWC East 1,650 SacIGSM (1970-2004 average) 

NatomasMWC West 1,953 SacIGSM (1970-2004 average) 

OrangevaleWC 773 SacIGSM (1970-2004 average) 

Rio Linda North 4,873 SacIGSM (1970-2004 average) 

Rio Linda South 4,478 SacIGSM (1970-2004 average) 

SacIntlAirport 3,670 SacIGSM (1970-2004 average) 

SacramentoSuburbanTownAndCountry 27,164 SacIGSM (1970-2004 average) 

SacSuburbanNorthHighlands 5,559 SacIGSM (1970-2004 average) 

SacSuburbanNorthridge 14,318 SacIGSM (1970-2004 average) 

SanJuanWD 527 SacIGSM (1970-2004 average) 
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TABLE 8 
Monthly Distribution of Annual Urban Pumping 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual  

Month Percentage of Annual Total Urban Pumping 

January 4.6 

February 4.6 

March 4.6 

April 6.1 

May 6.1 

June 10.9 

July 14.8 

August 15.3 

September 13.1 

October 10.7 

November 4.6 

4.6 

 
3.2.4.3 No-flow Boundaries 
A no-flow boundary was specified across the bottom boundary of the model, representing the freshwater/ 
brackish water interface.  

3.2.5 Agricultural Water Budget 
One of the most critical components to the successful operation of the SACFEM2013 is computing transient 
agricultural water budget components. These water budget components were estimated by using a variety 
of spatial information including land use, cropping patterns, source of irrigation water, surface water 
availability in different year types and locations, and the spatial distribution of precipitation. Surface water 
budget components include deep percolation of applied water, deep percolation of precipitation, and 
agricultural pumping. 

3.2.5.1 Background and Approach 
A root-zone model was used to calculate agricultural water budgets and determine two major fluxes for 
input to SACFEM2013; deep percolation of precipitation and applied agricultural water and agricultural 
groundwater pumping. The root-zone model simulates the movement of irrigation water and precipitation 
that infiltrates below ground surface and into the root-zone where water is either used by plant 
evapotranspiration or drained as deep percolation when moisture content exceeds soil holding capacity.  

3.2.5.2 Overview of the Method 
Root-zone dynamics are simulated using the Integrated Water Flow Model Demand Calculator (IDC) 
developed by DWR’s Bay Delta Office. IDC calculates agricultural demand for applied water based on soil 
parameters and crop water use, and routes infiltrated applied water and precipitation through the soil 
column to determine evapotranspiration, deep percolation, and soil moisture storage. An approach was 
developed to create the needed inputs for SACFEM2013 without simulating the entire SACFEM2013 model 
domain and grid in IDC. This approach involved simulating root-zone water balances for one unit acre of land 
for each unique combination of crop type, soil, and historical precipitation throughout the SVGB. This 
process provides a time-series of deep percolation and demand for applied water. These unit-area time-
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series are applied to uniquely classified areas developed in GIS to calculate time-series of deep percolation 
and agricultural groundwater pumping for each node. 

3.2.5.3 Development of GIS Dataset 
A GIS dataset that contains information on crop type, soils, water source, and geographic location (used to 
determine the availability of surface water) was developed from a variety of sources. These datasets are 
intersected with the SACFEM2013 model grid to provide detailed data for the agricultural water budget for 
each SACFEM2013 model node. The following sections describe the source of data compiled in the GIS 
dataset.  

Land Use. DWR’s Land and Water Use Program historically conducted land use surveys of major agricultural 
counties throughout the state every 5 years. These data are in geo-referenced shapefiles that provide land 
use at approximately the field level. The most recent surveys of counties within the SACFEM2013 model 
domain were combined to create a single shapefile. 

SACFEM revisions in 2011 included updates to land use data for Glenn and Colusa Counties. These data were 
developed by Davids Engineering based on multiple sources including DWR land use surveys conducted in 
2003, U.S. Department of Agriculture, Glenn County, local water districts, and field surveys by Davids 
Engineering in 2010 (Davids Engineering, Inc., 2011).Table 9 provides the source and survey year for the land 
use data of each county within the SACFEM2013 model domain. Land use data were from the most recent 
surveys available in 2011.  

TABLE 9 
Land Use Data Source and Year by County 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual   

County Land Use Source, Survey Year 

Butte DWR, 2004a 

Colusa DWR, 2003a and Davids Engineering, 2010b 

Glenn DWR, 2003 and Davids Engineering, 2010b 

Placer DWR, 1994a 

Sacramento DWR, 2000a 

Solano DWR, 1994a 

Sutter DWR, 2004a 

Tehama DWR, 1999a 

Yolo DWR, 1997a 

Yuba DWR, 1995a 

Notes: 
a California Department of Water Resources land use survey data downloaded from 
http://www.water.ca.gov/landwateruse/lusrvymain.cfm 
b Davids Engineering land use data from Davids Engineering, Inc. (2011) 
 
Land use data are aggregated into 20 categories with 16 agricultural crop types, native vegetation, urban 
areas, bare soil, and water bodies. Figure 24 illustrates the distribution of land use data across the different 
categories used in SACFEM2013, minus urban areas and water bodies that are not included in the 
agricultural water budgets. The SACFEM2013 model domain covers approximately 3.6 million acres of land 
on the Sacramento Valley floor. The largest single land use category within the SACFEM2013 model domain 
is native vegetation. The largest agricultural crop type is rice.
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Water Source. DWR’s land use surveys typically include information on the source of water used for 
irrigation. Survey data classify the water source as either surface water, groundwater, mixed, or unknown. 
Water source data are included in the land-use dataset developed for agricultural water budgets and used in 
calculating agricultural groundwater pumping as described in subsequent sections.  

Soils Data. The land use and water source data were joined with hydrologic soils group data from the 
Natural Resource Conservation Service Soil Survey Geographic (SSURGO) database. The hydrologic soils 
group characterizes soils and classifies them into four groups (A through D) based on transmission rate of 
water, texture, structure, and runoff response. Hydrologic soils group data are used to determine inputs to 
IDC, specifically soil parameters that determine the potential for rainfall or applied water to infiltrate the 
root zone.  

Water Budget Areas. Land use, water source, and soils data are then joined with boundaries of water 
budget areas (WBAs) within the SVGB. The SVGB was previously disaggregated into WBAs for the purpose of 
developing water budgets and inputs to other models such as CALSIM III. WBAs were defined by irrigation 
district boundaries, historical planning areas such as DWR’s depletion study areas, and physical boundaries 
such as rivers, creeks, or canals. WBAs are areas wherein availability and source of water, climate, and other 
factors that govern water use are similar. WBAs are used to determine IDC inputs for precipitation and 
availability of surface water as described in subsequent sections. Figure 25 shows how the entire 
SACFEM2013 model domain is split into various WBAs.  

Land Use Data by SACFEM2013 Node. Lastly, the combined data on land use, soils, WBAs, and water source 
were intersected with the SACFEM2013 model grid and resulting areas for each component were calculated. 
The result of this final process is a dataset that defines the land use, soils, and WBA of areas that contribute 
to all of the SACFEM2013 model nodes. There are multiple records for many nodes (that is, the area of a 
given model node intersects multiple land use, soils, WBA, or water source categories). As such, the final 
dataset approaches a half million unique records. Acreages in this dataset were combined with unit-area 
time-series from IDC on deep percolation and applied water demand (AWD) to develop time-series of deep 
percolation and agricultural groundwater pumping at each node for the SACFEM2013 period of simulation. 
Figure 26 illustrates the five data sets that are combined in the final GIS data set. 

3.2.5.4 IDC Model Inputs 
The GIS dataset is combined with unit-area time-series from IDC to calculate SACFEM2013 input. IDC was set 
up to simulate 1-acre areas for each unique combination of land use, soils, and precipitation. These three 
factors affect simulation of the root zone and the resulting deep percolation and AWD. IDC simulation of the 
root-zone was performed on a daily time-step. A daily time-step was appropriate for determining rainfall 
infiltration, and provides a more accurate calculation of AWD compared to using a weekly or monthly time-
step. The following sections describe the source of data used as input to IDC. Additional detail on the 
computational methods and theory within IDC can be found in the documentation and users’ manual (DWR, 
2014).  

Precipitation. Daily rainfall records from seven stations were collected from the National Climatic Data 
Center maintained by the National Oceanic and Atmospheric Administration and California Data Exchange 
Center maintained by DWR. Some WBAs are located between these seven stations and, for these areas, an 
average of two stations was used. The result of this analysis was a total of 12 different precipitation time-
series comprising the seven stations and five averaged time-series from two different stations. Table 10 
summarizes the 12 precipitation time-series and associated WBAs. The seven precipitation stations are also 
shown on Figure 25 in relation to associated WBAs.
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TABLE 10 
Precipitation Stations and Associated Water Budget Areas 
SACFEM2013, Sacramento Valley Finite Element Groundwater Model, User’s Manual   
Time-Series Precipitation Station(s) Associated WBA(s) 

1 Red Bluff 4, 5 

2 Orland 6, 7N 

3 Chico 10 

4 Colusa 7S, 8NS, 17N, 17S, 18 

5 Marysville 14, 15N, 15S, 16 

6 Winters 20, 25 

7 Sacramento 21, 22, 26N 

8 Avg. Orland & Colusa 8N 

9 Avg. Chico & Colusa 9 

10 Avg. Chico & Marysville 11, 12, 13 

11 Avg. Colusa & Winters 8S 

12 Avg. Marysville & Sacramento 19, 23, 24 

 
Evapotranspiration. Monthly evapotranspiration (ET) values used in IDC were developed from data 
published by the Irrigation Training and Research Center at California Polytechnic State University (ITRC, 
2003). ITRC published crop ET values for wet, typical, and dry years for reference ET zones throughout 
California. The majority of the SVGB is within ITRC zones 12 and 14, and an average crop ET value from these 
two zones was used in IDC. Therefore, crop ET values used in IDC do not vary spatially throughout the 
model, but can vary by year for three different year-types of wet, typical, and dry. The Sacramento Valley 
Water Year Type (40-30-30) Index was used to determine the year-type with above normal and below 
normal 40-30-30 Index years being defined as typical, dry, and critical 40-30-30 Index years defined as dry, 
and wet 40-30-30 Index years defined as wet.  

Soil Parameters. IDC inputs for soil parameters include field capacity, wilting point, total porosity, pore size 
distribution index, and saturated hydraulic conductivity. These parameters are used in IDC to characterize 
the movement of water in the root zone. Soil parameters used in IDC were determined in part by hydrologic 
soils group and land use. A range of magnitudes covering the classifications of the hydrologic soils group 
were determined and applied in IDC. Values for rice and native vegetation land uses typically differed from 
non-ponded crops. For example, it was assumed that rice was grown on soils with lower saturated hydraulic 
conductivity and a higher field capacity than soil used to grow other crops.  

Crop Parameters. An irrigation season is input to IDC for each irrigated crop. The irrigation season flag is 
used to determine months when AWD is calculated. Most crops are irrigated starting in March or April and 
continuing through August, September, or October. AWD is not calculated outside of these months. 
Additionally, rice includes an AWD for cultural practices that flood fields to suppress weed growth and 
decompose rice straw. The timing and quantity of applied water for spring flood-up and fall decomposition 
used in IDC is representative of practices in the Sacramento Valley.  

A second parameter input to IDC for simulation of the root-zone is the rooting depth for each crop and for 
native vegetation. Rooting depth, in combination with inputs such as field capacity, is used to determine soil 
moisture storage capacity. Soil moisture storage affects deep percolation and applied water demand and 
crops with shallower rooting depths may have more deep percolation because there is less capacity to water 
in the root zone. 

Surface Runoff. IDC uses a modified version of the Natural Resource Conservation Service (previously the 
Soil Conservation Service) curve number method to simulate rainfall runoff and infiltration of precipitation. 
The curve number method is described in Technical Reference number 55 and the National Engineering 
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Handbook (USDA, 2004). A curve number is determined from land use and soil type. IDC uses the curve 
number in combination with antecedent soil moisture conditions to determine the portion of precipitation 
that runs off versus infiltrates into the soil.  

3.2.5.5 Calculation of SACFEM2013 Inputs 
Time-series of output for deep percolation and AWD from IDC for unit-acres of each unique land use and soil 
type were combined with the GIS dataset for each model node in SACFEM2013. Python scripts were used to 
calculate time-series of deep percolation and groundwater pumping inputs for each model node. The 
following sections describe the process used for each input. 

Deep Percolation. Output from IDC is a time-series of deep percolation per unit-acre for each unique 
combination of land use, soil type, and precipitation (indicated by associated WBA). The GIS dataset contains 
records for all agricultural and native vegetation areas that contribute to each model node. The GIS dataset 
includes identifiers for WBA, land use, and soil type that are used by the Python script to reference the 
correct output time-series from IDC and calculate the deep percolation for each node as the sum of the 
deep percolation for individual areas that contribute to each node. Figure 27 is an example of the calculation 
performed for an individual node and time-step. 

Agricultural Groundwater Pumping. Time-series of groundwater pumping were developed for each 
SACFEM2013 model node based on land use data, water source data, and surface water availability for areas 
that contribute to each SACFEM2013 node. Calculated groundwater pumping is based on AWD of the crop 
as calculated in IDC. A similar process as illustrated on Figure 27 is performed to calculate the AWD for each 
node. Several additional steps are then performed to calculate agricultural groundwater pumping.  

Groundwater pumping for areas identified as being met from groundwater in DWR surveys is the AWD 
(AWDgw). This is one component of agricultural groundwater pumping calculated for each node in 
SACFEM2013. For areas met from non-groundwater sources (surface, mixed, or unknown), groundwater 
pumping is calculated as AWD for the area not identified as met from groundwater in DWR surveys 
(AWDnon-gw) multiplied by a pumping percentage. The pumping percentage is used to estimate pumping 
when surface water supplies are not adequate to meet the AWD, such as during drought periods. This is the 
second component of agricultural groundwater pumping in SACFEM2013. Total groundwater pumping for a 
node is the sum of these two components, as shown in Equation 10. 

 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑚𝑚𝐺𝐺𝐺𝐺 𝑃𝑃𝐺𝐺𝑚𝑚𝑃𝑃𝑖𝑖𝐺𝐺𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺  𝑖𝑖 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐺𝐺𝐺𝐺𝐺𝐺−𝑃𝑃𝐺𝐺 ∗ 𝑃𝑃𝐺𝐺𝑚𝑚𝑃𝑃𝑖𝑖𝐺𝐺𝑃𝑃 𝑃𝑃𝐺𝐺𝐺𝐺𝑐𝑐𝐺𝐺𝐺𝐺𝑚𝑚𝐺𝐺𝑃𝑃𝐺𝐺 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝐺𝐺  (10) 

Many nodes include areas that are met from both groundwater and non-groundwater sources, areas of 
different crops and soils and, therefore different AWD or different pumping percentage. Groundwater 
pumping is calculated separately for each area and summed for the node each month.  

Pumping percentage is calculated based on surface water availability. Surface water availability can change 
from year-to-year and by water district or other boundaries in the SVGB. Surface water availability is 
identified by WBA. Therefore, pumping percentage is calculated based on AWDnon-gw and available surface 
water for a WBA with the same water supply, such as Glenn-Colusa Irrigation District. Pumping percentage is 
calculated annually for each area as follows: 

 𝑃𝑃𝐺𝐺𝑚𝑚𝑃𝑃𝑖𝑖𝐺𝐺𝑃𝑃 𝑃𝑃𝐺𝐺𝐺𝐺𝑐𝑐𝐺𝐺𝐺𝐺𝑚𝑚𝐺𝐺𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺  𝑗𝑗 = 1 −𝑀𝑀𝑖𝑖𝐺𝐺𝑖𝑖𝑚𝑚𝐺𝐺𝑚𝑚�𝑆𝑆𝐺𝐺𝐺𝐺𝑆𝑆𝐺𝐺𝑐𝑐𝐺𝐺  𝑆𝑆𝐺𝐺𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺  𝑗𝑗

𝐴𝐴𝐴𝐴𝐴𝐴𝐺𝐺𝐺𝐺𝐺𝐺 −𝑃𝑃𝐺𝐺 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺  𝑗𝑗
 𝐺𝐺𝐺𝐺 1�  (11)  
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AWD used in the denominator is the annual AWD of the area minus any AWD from lands identified as 
supplied by groundwater. In some years, available surface supply can exceed AWDnon-gw and the pumping 
percentage is zero. An annual pumping percentage is calculated for most areas and multiplied by the 
AWDnon-gw each month. Available surface water supply was estimated from a variety of data sources 
including historical diversion records, contracts for water, historical hydrology, CALSIM II output, and 
assumptions based on knowledge of the Sacramento Valley. Many areas of the Sacramento Valley have
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relatively stable surface water supplies that are only reduced during periods of extreme or prolonged 
drought. Additional detail on estimates of available surface water supply is contained in a technical 
memorandum titled, Response to SacFEM Peer Review Tier 1 Findings 1, 2, and 3 (MBK, 2013).  

3.2.5.6 Review and Quality Assurance 
Deep percolation and agricultural groundwater pumping inputs to SACFEM2013 are large datasets of more 
than 75 million values each (492 monthly time-steps for the more than 153,000 SACFEM2013 model nodes). 
Additionally, both input parameters are typically only estimated with little to no available observed data for 
comparison with calculated values. However, calculated values from IDC and final SACFEM2013 inputs were 
aggregated for different areas and compared against available data. Additionally, values for the entire 
SACFEM2013 model domain were aggregated and compared to generally accepted estimates. 
Detailed Water Budgets. Calculated values for both groundwater pumping and deep percolation within 
Glenn-Colusa Irrigation District were compared with detailed water budget estimates developed by 
Davids Engineering, Inc. for the period 2001 through 2010. Detailed water budgets included applied surface 
water, groundwater pumping, runoff/return flow, and estimated deep percolation as the closure term based 
on a root-zone simulation model. IDC-calculated values for groundwater pumping, total applied water 
demand, runoff/return flow, and deep percolation compared well with measured and calculated values 
from Davids Engineering, Inc. IDC input values for soil parameters such as field capacity and saturated 
hydraulic conductivity were adjusted and calibrated as part of this comparison. 

Applied Water Demand. AWD is calculated in IDC as a function of crop type, soils data, and precipitation. 
AWD calculated in IDC was validated by comparison with historical surface water delivery data for areas 
known to be irrigated only, or primarily with surface water. These comparisons were made for a common 
period of available IDC output and observed surface water diversion data. Examples of these validations are 
presented in Appendix A. AWD calculated in IDC compared well for most comparison areas. AWD calculated 
in IDC is the basis for much of the calculated groundwater pumping. 
Model Domain Comparisons. Values for total deep percolation and groundwater pumping were reviewed as 
monthly and annual time-series and compared for different crop types and soil conditions. Figure 28 
illustrates the annual volume of deep percolation for the entire model domain throughout the simulation 
period plotted with average precipitation for the seven stations used as input to IDC. Figure 28 illustrates 
how deep percolation generally fluctuates with precipitation and can vary significantly from year-to-year 
with a range of approximately 0.5 million acre-feet (MAF) to 3.5 MAF.  

Figure 29 illustrates annual agricultural groundwater pumping inputs to SACFEM2013. The average annual 
groundwater pumping for the entire simulation period is approximately 2.75 MAF and generally falls in the 
range of 2.0 to 2.5 MAF in non-drought years. General estimates of average typical year groundwater 
pumping for the SVGB are on the order of 2.0 to 2.5 MAF.  

3.3 Model Assumptions 
The groundwater flow model construction, described in the preceding sections, followed the following 
inherent assumptions: 

• Groundwater flow is simulated under confined conditions under all model layers. This assumes that 
changes in aquifer transmissivity due to processes such as groundwater extraction are negligible. 

• Transmissivity of the modeled system does not change through time. 

• Lateral groundwater underflow is not included in SACFEM2013. The model assumes that all 
groundwater enters and exits the model through the boundary conditions listed in Section 3.2.4. 

• Effects of water density and viscosity variations to groundwater flow are negligible. 

• Hydrologic variations occurring at a temporal scale finer than monthly are not simulated.

ES100814162520RDD 3-59 



SECTION 3 GROUNDWATER FLOW MODEL CONSTRUCTION 

 

3-60 ES100814162520RDD 



SECTION 3 GROUNDWATER FLOW MODEL CONSTRUCTION 

 

ES100814162520RDD 3-61 



SECTION 4 

Groundwater Flow Model Calibration 
Model calibration is a process of systematically altering model parameters to simulate subsurface flow 
conditions measured in the field. For SACFEM2013, this process ensured that the numerical model could 
accurately replicate the hydrologic processes observed within the SVGB, and that the model was a reliable 
tool to use to forecast future hydraulic conditions resulting from changes in water management within the 
basin. SACFEM2013 was generally calibrated in accordance with the Standard Guide for Calibrating a 
Ground-Water Flow Model Application (American Society for Testing and Materials [now ASTM 
International], 1996).  

4.1 Calibration Process 
As is discussed in earlier sections of this report, CH2M HILL incorporated details of the SVGB physical system 
into SACFEM2013, and then a step-wise calibration approach was implemented to achieve sufficient 
calibration to observed conditions in the Valley as efficiently as possible. 

4.1.1 Selection of Calibration Targets 
Calibration targets are defined as the selected field-measured values that quantify hydrologic conditions of 
interest with consideration of data quality and worth. Both qualitative and quantitative calibration targets 
were selected to evaluate the progress of calibration during development of SACFEM2013. Following is a 
discussion of how the specific quantitative and qualitative calibration targets were selected for this effort. 

4.1.1.1 Quantitative Calibration Targets 
SACFEM2013 underwent a transient calibration; therefore, selected field-measured heads recorded 
between WY1970 and WY2010 served as quantitative calibration targets, or target heads. Calibration target 
wells were selected from the DWR Water Data Library. The selection process generally proceeded as 
follows: 

• DWR databases were queried to identify all wells with well construction information; wells with 
unknown construction were eliminated from consideration.  

• The number of data records that were associated with each of the remaining wells was summarized 
within the SACFEM2013 simulation period (WY1970-WY2010); wells with a higher number of records 
were preferred. 

• The spatial location of wells identified in the previous two steps were plotted to ensure that the final 
wells selected as calibration targets provided a good geographic distribution throughout the model 
domain, both within individual layers and with depth. This step was performed using a visual 
identification method as opposed to an automated query. 

• The final step was to review additional target well locations recommended during the peer review of the 
previous version of SACFEM (WRIME, 2011). Select wells that did not necessarily meet the criterion of 
having a long period of record, but that provided good spatial or vertical (i.e., well clusters) coverage, 
were added to the calibration target dataset.  

The overall result of this process was that 210 wells were identified as transient groundwater elevation 
targets over the simulation period. The locations of the calibration wells within each model layer are shown 
on Figure 30. Calibration summary statistics were computed to provide a quantitative measure of the ability 
of the model to replicate calibration target heads. Head calibration was evaluated using a variety of 
summary statistics, including the following: 

• Residual error, computed as the simulated head value minus the target head value 
• Mean error (ME), computed as the sum of all residual errors divided by the number of observations (n) 
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• Coefficient of determination (R2), computed as the square of the correlation coefficient 

• Root mean squared error (RMSE), computed as the square root of the mean of all residual squared 
errors 

• RMSE divided by the range of target head values (RMSE/Range) 

Rather than setting arbitrary goals for individual summary statistics as part of quantitative calibration, 
CH2M HILL moved forward with the following general goals: 

• Minimize spatial bias of residual errors in key areas of the domain 
• Minimize residual error, ME, RMSE, and RMSE/Range values 
• Have R2 values as close to 1.00 as possible 

Appendix B presents the quantitative calibration targets selected for SACFEM2013, which included 
210 target head locations. The target groundwater elevations are also included on the hydrographs in 
Appendix C. 

4.1.1.2 Qualitative Calibration Targets 
Qualitative calibration targets refer to general observations of temporal or spatial patterns of the field 
problem that were compared with model output. These targets included general patterns of gaining and 
losing streams and bypasses under differing hydrologic conditions. Calibration summary statistics were not 
used to characterize the ability of SACFEM2013 to replicate qualitative calibration targets; rather, these 
targets were evaluated to determine if the model is generally able to replicate the expected overall patterns 
in stream gain/loss. Although the exact stream reaches that gain or lose flow because of surface water/ 
groundwater interaction are not fully delineated, and this relationship changes over time with fluctuating 
groundwater levels and stream stages, the general pattern observed in the Valley is that the major trunk 
streams, such as the Sacramento, Feather, and American Rivers, tend to gain flow, especially in their lower 
reaches. Smaller upper tributaries near the basin margin tend to lose flow to the groundwater system. 

4.1.2 Calibration Parameters 
Parameter values of streambed Kv, mountain front recharge adjustment factor, Kh, and Kh:Kv were adjusted 
during the calibration of SACFEM2013. No modifications were made to deep percolation of applied water/ 
precipitation or agricultural pumping data estimated from IDC. 

4.1.3 Iterative Manual Calibration Procedure 
The general calibration procedure was an iterative process executed using manual techniques. During the 
calibration phase, property zones were spatially defined and assigned values. This involved manually running 
the simulations, comparing model results with qualitative and quantitative calibration targets to assess the 
progress of calibration, and making manual changes to parameter values and boundary conditions (or both) 
in areas where important calibration mismatches were noted for the next round of simulations. This 
procedure was repeated until only minor improvements in calibration were achieved with each round of 
simulations, and the calibration was deemed appropriate. 

4.2 Calibration Results 
4.2.1 Groundwater Elevations 
Locations of SACFEM2013 calibration target wells selected for this evaluation are shown on Figure 30. 
Measured heads for each calibration target well, along with the associated calibration statistics, are 
summarized in Appendix B. The purpose of computing summary statistics is to quantify the goodness of fit 
between simulated and target head data. Goodness-of-fit statistics that accompany model calibration are 
not necessarily good indicators of the predictive capabilities of a model. Summary statistics are highly 
sensitive to the number of observations, quality of measured data, and outlier data. Poor calibration 
statistics can result from a variety of reasons, as described in Section 4.3.
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Figure 31 is a scatter plot of individual simulated-versus-target head values. The summary statistics for data 
presented on Figure 31 and defined in Section 4.1.1.1 are as follows: 

• ME = 1.6 feet 
• RMSE = 19.6 feet 
• Range in calibration target head values = 417.8 feet 
• RMSE/Range = 5 percent 
• R2 = 0.93 
• n = 32,263 

The ME value of 1.6 feet indicates that SACFEM2013 slightly over-predicted heads throughout the domain, 
as shown by the positive value. However, the ME, RMSE, and RMSE/Range are relatively small, particularly 
given the scale of the model domain. Additionally, as shown on Figure 31, there is a strong correlation 
(R2 = 0.93) between simulated and target head data. A well-calibrated model should also have mostly low 
residual errors, with some simulated heads above and below their target heads. Figure 31 shows that points 
are above and below the 1:1 correlation line. Thus, the calibration results for this effort do not indicate 
global bias (that is, all positive or all negative residual errors). 

Figure 32 shows the spatial distribution of the mean error in simulated heads that are listed in Appendix B 
by model layer. The data presented on Figure 32 and in Appendix B indicate that mean error in nearly half of 
the target wells is within ±5 feet. The data further suggest that there may be slight spatial bias indicating 
that wells east of Dunnigan Hills and in Placer County/southeastern Sutter County are simulated low, and 
wells near the southern model boundary (Sacramento County) and in northern Butte County are simulated 
slightly high. This is likely the result of small-scale features not explicitly simulated in SACFEM2013. Overall, 
the statistics listed above and presented in Appendix B and Figure 32 are considered to represent good 
calibration.  

The other method used to evaluate the quality of the transient calibration was to compare the simulated 
hydrographs for each of the 210 target monitoring wells with the measured hydrograph data. These 
hydrograph comparisons are presented on Appendix C. Examination of the time-series simulated and 
measured groundwater hydrographs helps to inform the mean errors presented on Figure 32. For example, 
in the southeastern portion of the model domain (06N05E01C001M, model Layer 1) the time series data 
show that SACFEM2013 does a good job of replicating the transient groundwater level fluctuations; 
however, the simulated heads are overestimated. Another example, 15N04E13A001M (model Layer 2) 
suggests that SACFEM2013 does an excellent job of replicating the later-time measured groundwater 
elevations; however, there are local factors not explicitly simulated that result in over-estimation of the 
earlier time groundwater elevations. The result is a mean error of approximately 21 feet, which is biased by 
the early time data. Finally, there are select calibration targets (such as 07N01E11K001M, model Layer 4) 
that appear to be in close proximity to a pumping well, as suggested by the large seasonal variability in 
measured groundwater elevations. Because individual pumping wells are not explicitly simulated in 
SACFEM2013, the magnitude of simulated groundwater fluctuation is less than observed. Although some 
deviations remain between simulated and observed data during certain periods at select locations, 
SACFEM2013 generally does a good job of replicating both the absolute groundwater elevations and 
transient trends in the majority of the 210 calibration target wells within the model domain. 

4.2.2 Stream Gain/Loss 
As discussed above, the general patterns of losing and gaining reaches of streams and bypasses were 
included as qualitative targets during the calibration of SACFEM2013. Figure 5 presents water year type 
designations for the SACFEM2013 simulation period. Stream and bypass reaches predicted by the model to  
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gain or lose flow to the groundwater aquifer were evaluated under typical above-normal hydrologic 
conditions (April 2000, see Figure 33), extreme drought (July 1977, see Figure 34), and wet conditions 
(January 1983, see Figure 35). As shown on Figure 33, the pattern of predicted stream gain/loss during April 
2000 is consistent with what would be expected during an above-normal period. The major trunk streams 
throughout the Valley, such as the Sacramento and Feather Rivers, are gaining, while the smaller tributaries 
are losing flow to the groundwater system. Further, the flood bypasses are not active under these 
hydrologic conditions. Figure 34 presents the distribution of simulated gaining/losing stream reaches in July 
1977. Model output suggests that the majority of streams throughout the Valley are losing flow to the 
aquifer system, which is consistent with what would be expected under this critically dry condition. Many of 
the smaller tributary streams as well as the flood bypasses are inactive during this period, as evidenced by 
the lack of stream gain/loss symbology (i.e. blue or yellow circle). Finally, the predicted distribution of 
stream and bypass gain/loss during January 1983 is presented on Figure 35. Model output suggests that, 
although there are limited gaining stream reaches, the vast majority of streams and bypasses are losing flow 
to the groundwater system. This is likely a result of high stream stage elevations during runoff in this 
extremely wet hydrologic period. Overall, the patterns predicted by the calibrated groundwater flow model 
are reasonably consistent with expected stream gains and losses under the varying hydrologic conditions, 
and calibration of SACFEM2013 against this qualitative target is considered good. 

4.2.3 Calibrated Hydraulic Parameters 
Figures 12 and 13 show the modeled hydraulic conductivity values that resulted from the 
calibration process. These values are within a reasonable range of literature values for heterogeneous 
unconsolidated deposits and bedrock. As discussed in Section 3.2.2.2, a Kh:Kv of 50:1 was assigned in model 
Layer 1, 500:1 was assigned in model Layers 2 through 7, and 1:1 was assigned to bedrock areas in all model 
layers throughout most of the model domain. The final set of mountain front recharge adjustment factors is 
included in Table 6, and the final streambed Kv values are presented on Figure 15 and in Table 2. 

4.2.4 Groundwater Balance 
Figures 36 and 37 summarize the primary inflow and outflow components of the transient groundwater 
budget for SACFEM2013. These plots were generated by totaling the monthly inflows and outflows for each of 
the components by water year. The SACFEM2013 model output presented on these figures indicates that the 
inflows are highly variable from year to year, while the outflows are more or less consistent. Figure 36 
presents the annual volumes for the SACFEM2013 inflow components, deep percolation of applied irrigation 
water and precipitation, groundwater recharge from stream leakage, and groundwater recharge along the 
mountain front. The pattern in annual volumes of inflow to SACFEM2013 are such that the magnitudes are 
highest during wet hydrologic periods and lowest during dry hydrologic periods. For example, the maximum 
annual inflow (approximately 6.5 MAF) occurs during the extremely wet period of WY1983 and the minimum 
annual inflow (approximately 1.8 MAF) occurs during the critical drought of WY1976-WY1977. Groundwater 
recharge from streams comprises the largest component of the water budget, ranging from 33 to 68 percent 
of the annual inflow. Deep percolation of applied water and precipitation ranges from 24 to 54 percent of the 
annual inflow, and recharge along the mountain front ranges from 4 to 17 percent of the total annual inflow. 

Figure 37 presents the annual volumes for the SACFEM2013 outflow components, groundwater pumping, 
groundwater discharge to streams, and groundwater discharge to land surface. The volumes of outflow from 
SACFEM2013 have an opposite pattern with respect to hydrologic cycles in the SVGB than groundwater 
inflow components. The minimum annual outflow occurs during wet periods, such as WY1982-WY1983 and 
WY1995-WY1999, and the maximum annual outflow occurs during dry periods, such as the critical drought 
of WY1976-WY1977. Groundwater pumping is by far the largest outflow component of the water budget, 
ranging from 56 percent (2.3 MAF) to 96 percent (5 MAF) of the annual outflow. Groundwater discharge to 
land surface ranges from 1 to 33 percent of the total annual outflow, and groundwater discharge to streams 
ranges from 3 to 13 percent of the annual outflow. It should be noted that the boundary condition used to 
simulate groundwater discharge to land surface (discussed in Section 3.2.4.1) represents surficial processes 
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including groundwater discharge to low-lying topographic areas, such as riparian to streams, as well as small 
tributaries not explicitly simulated in SACFEM2013. For practical purposes, this component of the water 
budget can be considered groundwater discharge to streams. 

Figure 38 presents the cumulative change in storage over the WY1970 through WY2010 simulation period. 
These SACFEM2013 results indicate that simulated changes in aquifer storage correlate to the hydrologic 
cycles. Periods of decrease in storage correspond to drought cycles, such as WY1976-WY1977 and WY1987-
WY1992, and increases in aquifer storage correspond to wetter periods such as WY1982-WY1984 and 
WY1995-WY1999. Overall, the trends and magnitudes of SACFEM2013 are appropriate and consistent with 
the generally accepted water balance for the SVGB. 

4.3 Potential Sources of Error 
Calibration target values and simulated output each have associated errors or error potential, resulting in an 
overall uncertainty in results. The sources of uncertainty include transient effects, human errors, scaling 
effects, interpolation errors, and numerical errors (Anderson and Woessner, 1992).  

4.3.1 Transient Effects 
Groundwater-level measurements in wells could reflect the presence of transient effects in the groundwater 
system that might not be represented in SACFEM2013. The only available subsurface access for directly 
monitoring groundwater conditions is through groundwater wells. If transient effects of the groundwater 
system manifest in groundwater levels at timescales other than those represented in the numerical model, 
some portion of the residual error between the field-measured groundwater level and the simulated output 
could be due to these transient effects. 

4.3.2 Human Errors 
It is not possible to guarantee that the modeling results presented in this manual are free of human error. 
However, CH2M HILL strived to avoid introducing human errors by adhering to quality assurance protocols. 
The following are examples of potential sources of human errors: 

• Measurement Errors. Calibration target values include measurement errors. Measurement errors relate 
to the accuracy and consistency of the measurement device or structure, the accuracy and consistency 
of the elevation survey datum, and the diligence of the field or laboratory technician who collects or 
analyzes the data. Thus, some portion of the residual error between the field-measured data and the 
simulated output could be due to measurement error in the calibration target value. 

• Data Management Errors. Errors can be introduced as a result of data management activities. Examples 
of data management errors include, but are not limited to, associating input data with an incorrect 
location (resulting in spatial errors), assigning time-series data incorrectly (resulting in temporal errors), 
or otherwise inputting values incorrectly. Thus, some portion of the residual error between the field-
measured data and the simulated output could be due to data management errors. 

• Conceptualization Errors. Errors can be introduced as a result of inadequately conceptualizing the field 
problem. The absence of important Site information can lead to errors associated with assumptions that 
are necessary to perform predictive simulations. Thus, some portion of the residual error between the 
field-measured data and the simulated output could be due to conceptualization errors. 

4.3.3 Scaling Effects 
A numerical model uses discrete space to represent the hydrologic system. SACFEM2013 grid was built in an 
effort to strike a balance between maximizing the number of nodes in key areas of the domain and 
minimizing the numerical burden and associated model run times. However, numerical grids are subject to 
errors resulting from scaling effects. Errors associated with scaling effects result when and where significant 
spatial heterogeneities in the field problem are not represented at the scale of the numerical grid elements. 
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4.3.4 Interpolation Effects 
Interpolation errors can result from spatially distributing point values of parameters or stresses over the 
model domain. In an effort to manage interpolation errors, one of the goals for selecting calibration target 
locations for SACFEM2013 was to seek a relatively uniform spatial distribution of calibration targets over 
SACFEM2013 domain. Having a reasonable number of spatially distributed calibration targets and types of 
calibration targets (for example, qualitative and quantitative) helps make model output more reliable over a 
wide range of conditions for the entire domain. 

4.3.5 Numerical Errors 
Errors associated with the way a model solves the governing flow equations, coupled with the assumptions 
in the governing equations being solved, are inherent in numerical models. Numerical errors are also 
associated with the selection of convergence closure criteria by the user. User selection of convergence 
closure criteria is an iterative process during calibration that seeks to strike a balance between making 
calibration progress by completing as many simulations as possible within the project schedule and 
achieving adequate accuracy in the numerical solution. Selecting convergence closure criteria that are too 
low during initial stages of model calibration results in fewer simulations being completed because of longer 
run times and possible convergence problems. CH2M HILL minimized introduction of numerical errors by 
selecting convergence criteria that resulted in converged solutions that provided mass balances of flow. 

4.4 Calibration Outcome 
A relatively high-resolution, three-dimensional numerical groundwater flow model of the SVGB has been 
developed to support the evaluation of conjunctive water management projects across the Valley. 
Specifically, SACFEM2013 was developed to assess the transient effects of groundwater pumping on 
groundwater levels and to estimate changes in surface water/groundwater interaction.  

The current finite-element groundwater flow model grid has a resolution on the order of 410 feet 
(125 meters) in areas where conjunctive water management projects are being considered and effects are 
being evaluated. The model has been constructed so that future project-specific grids can be developed, and 
the 41-year agricultural water budget can be projected onto the new grid using a semi-automated GIS-based 
tool. The vertical resolution of the model consists of seven model layers. The uppermost model layer was 
limited to 65 feet or less in thickness to allow assessment of impacts on streams as well as riparian habitat 
and wetlands. Model Layers 2 through 5 were selected to represent typical groundwater production zones 
within the Valley. Layers 6 and 7 were developed to represent the Lower Tuscan Formation, where it exists, 
within the northeastern and central portions of the Valley. 

The surface water budget, including agricultural pumping and deep percolation of precipitation and applied 
water, was developed using a GIS-based analysis that considers land use, crop types, water source, seniority 
of water rights, and availability of surface water on a monthly time step. These deep percolation fluxes and 
agricultural pumping fluxes are independently computed for each element in the model. The fluxes 
associated with mountain-front recharge and urban pumping were also simulated on a monthly time-step. 
Time-variable surface stream and flood bypass stages were defined by using available data, including USGS 
topographic maps and stream gage elevations.  

The SACFEM2013 model was calibrated to transient groundwater elevation data sets. Groundwater elevations 
recorded during the hydrologic period from water years 1970 through 2010 were used as transient calibration 
targets. More qualitative calibration targets such as the magnitude of the water budget components and the 
pattern and magnitude of surface water/groundwater interaction were also considered. 

The SACFEM2013 model represents a valuable analytical tool to estimate the effects of groundwater 
pumping on both groundwater levels and changes in surface water/groundwater interaction within the 
SVGB.  
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SACFEM Application 
The following section describes the process of executing a SACFEM2013 model simulation, including 
preparation of input datasets, description of the SACFEM2013 model files, and post-processing of model 
output. 

5.1 SACFEM2013 Project File 
SACFEM2013 comprises numerous individual files, which will be described in more detail below. The primary 
file is the SACFEM2013 project file (*.fpr). A MicroFEM project file, such as SACFEM_2013.fpr is an ASCII file, 
which can be opened via a text editor or directly via the MicroFEM interface. When opened with a text 
editor, the project file is essentially a list of all data files (or parameter files) that make up a groundwater 
model. The following is a display of the file “SACFEM_2013.fpr” in text editor mode: 

Base-model=SACFEM_2013.fem 
Thickness=SACFEM_2013.thi 
Storativity=SACFEM_2013.sto 
Precipitation=SACFEM_2013.ppn 
Drain system H1=SACFEM_2013.dh1 
Drain system C1=SACFEM_2013.dc1 
Wadi-recharge system L1=SACFEM_2013.wh1 
Wadi-recharge system H1=SACFEM_2013.wh1 
Wadi-recharge system C1=SACFEM_2013.wc1 
Batch-file=SACFEM_2013.fpr6 
Xtra=SACFEM_2013.xtr 

Figure 39 presents the display of SACFEM_2013.fpr when opened directly via the MicroFEM interface. This 
figure presents the SACFEM2013 model grid (note: nodal points rather than model elements are displayed) 
in the main body of the display window with the MicroFEM file “tabs” located along the right-hand margin. 
Each MicroFEM tab contains a different set of data, as described in the following subsections. MicroFEM 
files can be loaded directly into registers on each of the model tabs or can be loaded via the MicroFEM 
project manager (see Figures 40 and 41).

6 The MicroFEM batch file is discussed in detail in Section 5.2.2. 
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FIGURE 40 
MicroFEM Project Manager, Main Window 

  

FIGURE 41 
MicroFEM Project Manager, Load File Window 

 

5.1.1 SACFEM2013 Base-model (“Param” tab) 
The first tab displayed in the MicroFEM interface, as presented on Figure 39, is the Parameter tab. The 
parameter tab is essentially a display of all data included in the MicroFEM Base-model (*.fem file). A 
MicroFEM Base-model is an ASCII file7 containing both network (grid) information, and basic groundwater 
model information. As shown on Figure 39, SACFEM_2013.fem contains nodal values of vertical resistance, 
transmissivity, head, and discharge for each of the seven model layers. The base-model also retains the 
“label 1” register; in the example provided on Figure 39, this is a stream label file. Individual parameter files 
(that is, files containing a list of numerical values for every model node) can be loaded for any of the 
registers either directly in the MicroFEM interface or via a batch file during transient simulation (as will be 
discussed in a subsequent section). 

*Note – the “head 0” and “vert. resist. 1” registers at the top of the Parameter tab can be used to simulate 
leakage from a feature, such as a lake, into model Layer 1. These registers are similar to the top system 
boundary conditions (i.e., there are specified head and resistance terms). In SACFEM_2013.fem, these 
registers have value of zeros at every node. Non-zero values should NOT be loaded into these registers when 
running SACFEM2013. 

7All MicroFEM files are in ASCII format and can be opened in a text editor. The reader is directed to the MicroFEM help menu or User’s Manual for 
additional format/structure of raw data files. 
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5.1.2 SACFEM2013 Thickness File (“Thick” Tab) 
The thickness file (SACFEM_2013.thi) contains the nodal saturated thickness values for all model layers. A 
display of the thickness tab via the MicroFEM interface is included on Figure 42. As shown on Figure 40, the 
thickness tab (*.thi file) contains registers for both aquifer and aquitard saturated thickness for all model 
layers. SACFEM2013 does not include explicit simulation of aquitards; therefore, the values in these 
registers is zero for all model layers. Individual parameter files (that is, files containing a list of numerical 
values for every model node) can be loaded for any of the registers either directly in the MicroFEM interface 
or via a batch file during transient simulation (as will be discussed in a subsequent section). 

*Note – the top level register can be populated with water table elevations (H1 values) so that model layer 
elevations are internally calculated/displayed when viewing the model in profile or when running groundwater 
flowlines. For the purposes of the current analysis, the top level values in SACFEM2013 are zero for all nodes. 

FIGURE 42 
SACFEM2013 Thickness Tab 

 

5.1.3 SACFEM2013 Storativity File (Stor Tab) 
The storativity file (SACFEM_2013.sto) contains the storage values for all model nodes. This includes the 
specific yield of model Layer 1 and the specific storage values for model Layers 2 through 7. A display of the 
thickness tab via the MicroFEM interface is included on Figure 43. Individual parameter files (that is, files 
containing a list of numerical values for every model node) can be loaded for any of the registers either 
directly in the MicroFEM interface or via a batch file during transient simulation (as will be discussed in a 
subsequent section). 

FIGURE 43 
SACFEM2013 Storage Tab 
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5.1.4 SACFEM2013 Top Systems (“Top” Tab) 
The top systems tab comprises the data for boundary conditions that are applied to the “top” of the 
SACFEM2013 model. This means that the data are either head-dependent boundary conditions that are 
calculated relative to the simulated groundwater elevations in model Layer 1 or specified flux conditions 
that are applied to the top of the water table. SACFEM2013 contains the following top systems, as shown on 
Figure 44: 

• Precipitation file (*.ppn) – includes a linear rate representing groundwater recharge from precipitation 
and applied irrigation water at every model node.  

• Drainage file (*.dh1 and *.dc1) – contains the drain elevation and resistance term for every model node 
for a given stress period.  

• Wadi System (*.wh1, *.wl1, and *.wc1) – contains the stream stage (*.wh1) and streambed (*.wl1) 
elevations and streambed resistance term (*.wc1) for all active stream nodes for a given stress period.  

*Note: In the Example on Figure 44, both the drain and wadi resistance terms are 0, denoting that there are 
no active head-dependent boundary conditions for this particular node during this stress period (i.e., likely a 
dry or critical stress period). 

FIGURE 44 
SACFEM2013 Top Systems Tab 

 
As will be discussed in more detail in a subsequent section, the transient SACFEM2013 simulation includes 
the loading of a new and unique set of top system data files for every stress-period in the 41-year model 
simulation. 

5.1.5 SACFEM2013 Extra Register (“Xtra” Tab) 
The extra file (SACFEM_2013.xtr) contains 99 registers that are used to store numerical data for every model 
node. The data stored in the extra register are not used directly by MicroFEM when running the model; 
however, the data stored in a particular register can be referenced in a calculation during a transient 
simulation. The first 38 registers of SACFEM_2013.xtr are shown on Figure 45. The use of the extra register 
during SACFEM2013 simulations is discussed in a subsequent section. 

5.1.6 Other MicroFEM Files 
There are two other basic types of files used in MicroFEM, label files (*.lb) and parameter files (*.par). These 
are ASCII files that contain a MicroFEM header line followed by lines containing data for every model node. 
Label files contain text strings (alpha/numeric characters), and parameter files contain numerical values. 
Both text and numeric data can be assigned to each of the respective file types for all or a subset of the 
model nodes. In the event that data are assigned to a subset of the model domain, nodes without data will 
have null lines in the label file and a value of zero in a parameter file (that is the ASCII file will still have a line 
for every model node). 
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FIGURE 45 
SACFEM2013 Xtra Register 
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5.2 Preparation of Input Data-Sets 
As discussed in Sections 3.2.4 and 3.2.5, detailed evaluations have been performed to develop transient 
surface water and agricultural water budgets as well as distributions of stream stage and flood bypass 
inundation. This section describes the utility that processes these raw data into monthly SACFEM2013 input 
files. Monthly model input files and the SACFEM2013 transient batch file are generated with the pre-
processing utility “PPN_Q_Generator_SACFEM_2013.xlsm.” This utility is an Excel-based file containing 
several macros to generate the various SACFEM2013 files. 

5.2.1 SACFEM2013 Input File Generation – The “Input” Worksheet 
The Input worksheet of the pre-processing utility contains three macros that are used to generate the 
monthly deep percolation of precipitation/applied water (*.PPN), pumping (*.q), and wadi/drain (*.wh1, 
*.wc1, and *.dc1) files. 

5.2.1.1 Water Budget Input File Information 
This portion of the worksheet (see Figure 46) directs the macros to the water budget and stream stage files. 
In the first row, the user should enter the complete file path to the folder in which the files are saved. The 
file names for the deep percolation, agricultural pumping, and stream stage files are entered on the 
following lines. The files are in a space-delimited ASCII format where rows represent data for each 
SACFEM2013 model node and columns represent each month of the simulation period. The data contained 
in the deep percolation and agricultural pumping files are in units of acre-feet per month (ac-ft/month). As 
will be discussed below, the pre-processing utility converts these arrays to the appropriate units for input to 
SACFEM2013, m/day (*.PPN) and m3/day (*.q). The surface water stage file contains data representing the 
stream, bypass, or reservoir stage (in units of meters [m] NAVD88) for each SACFEM2013 model node. A flag 
of -99 is assigned to non-surface water nodes (for all stress periods) and to surface water nodes for stress 
periods when the stream or bypass is dry. The use of this flag in the SACFEM2013 input file generation will 
be discussed further below.  

Note: If any of the water budget or stream input files are revised in the future, it is important that they be 
formatted consistently with the ASCII text files included in the SACFEM2013 release. Any differences in 
number of header rows, column spacing/number, etc. could result in generation of input files with incorrect 
values or failure of the macro to run successfully. 

5.2.1.2 SACFEM2013 Model Data Input File Information 
This portion of the worksheets (see Figure 46) directs the macros to generate the SACFEM2013 parameter 
files necessary for the various calculations and conversions. The first line is where the user inputs the file 
path to the parameter files. The necessary parameter files include the following: 

• MicroFEM nodal area: a parameter file that contains the area of every SACFEM2013 model node (m2) 

• Deep percolation adjustment factor: a parameter file that can be used to assign multipliers to the 
groundwater recharge arrays for all or a subset of the model domain. For SACFEM2013, the adjustment 
factors are 1 for all model nodes, meaning that no adjustments are made to the IDC deep percolation 
values. 

• Temporary wc1: a parameter file containing the streambed resistance term (days-1) for stream, bypass, 
and reservoir nodes (calculated using Equation 6) and a value of 0 for all non-surface water nodes. These 
data are used when generating *.wc1 files. 

• Wadi streambed/bypass bottom: a parameter file containing the stream, bypass, and reservoir bottom 
elevations (mNAVD88) and a value of 0 for all non-surface water nodes. These data are used to assign 
*.wl1 values. 

• Drain elevation: a parameter file containing ground surface elevations (mNAVD88) for all SACFEM2013 
model nodes. These data are used when generating *.dh1 files. 
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• Temporary dc1: a parameter file containing the drain resistance term (for SACFEM2013 this value is 500 
for all nodes). This file is used when generating *.dc1 files. 

• Urban pumping: a parameter file containing total annual urban pumping (described in Section 3.2.4.2) 
values (m3/day). These data are combined with the agricultural pumping data when generating *.q files. 

• Transmissivity parameter: parameter files containing nodal transmissivity values (m2/day) for all 
SACFEM2013 nodes for each model layer. These data are used to apportion pumping to model layers 
based on relative transmissivity. 

• Upper and lower nonproject pumping model layer: these rows are where the user specifies the upper 
and lower layers to which agricultural and urban pumping will be assigned. For SACFEM2013, 
agricultural and urban pumping are assigned to model Layers 2 through 4. 

• Upper/lower project pumping model layer: these rows are where the user specifies the upper and 
lower layers to which any additional pumping (for a “with project” simulation) will be assigned. This 
user’s manual assumes a no-action simulation; however, it is necessary to populate these rows for the 
macros to run. 

• Number of MicroFEM nodes: the user inputs the total number of model nodes in this cell. 

FIGURE 46 
PPN_Q_Generator_SACFEM_2013.xlsm, Input Worksheet (Upper Portion) 

 

Note: Agricultural and or project pumping should never be assigned to model Layer 1 using this pre-
processing utility, as the data will be over-written with the mountain-front recharge data calculated/ 
assigned during the transient model simulation. If shallow pumping is desired, these data should be manually 
assigned in the SACFEM2013 batch file. 

Note: The user-defined upper/lower pumping model layers cannot vary by stress periods. This means that the 
user-defined layers for agricultural/urban and pumping model layers are the same for the entire simulation 
period (i.e., pumping will always be assigned to model Layers 2 through 4 in this example on Figure 46 and 
will not shift to shallower or deeper layers for individual stress periods). 

5.2.1.3 Output File Information 
This section of the worksheet (see Figure 47) provides the macros to generate the output file information. 
The first row is where the user inputs the file path to the folder where all SACFEM2013 input files created by 
the macros will be stored. The next row is where the user specifies the MicroFEM header information that 
the macros include when generating the parameter files. The final set of rows is where the user defines the 
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beginning and ending month/year for the simulation period. The macros use this information when naming 
the parameter files. 

5.2.1.4 Project Q-File Data 
As previously discussed, this user’s manual describes the construction and calibration of a no-action version 
of SACFEM2013. Should the user wish to perform simulations that include additional project pumping (for 
example, to evaluate potential impacts of conjunctive water management projects), this Project Q-File Data 
section of the worksheet (see Figure 47) is where these data are incorporated. Although not completely 
displayed on Figure 47, this section of the worksheet includes rows for each of the 492 SACFEM2013 stress 
periods, with columns for the stress period number, the calendar month of the stress period, the calendar 
year of the stress period, and project pumping file name. The last column is where the user can input the 
name of a file containing nodal project pumping data (m3/day). This file should contain pumping data only 
for nodes representing wells/project areas and should contain a value of 0 for all other nodes. The file name 
is entered only in cells representing stress periods when this additional pumping will occur (for example, 
during the irrigation season of dry or critical water years). The pumping information will then be 
apportioned vertically based on the model layer assignments defined in the preceding section and will be 
added to the agricultural/urban pumping data. In the example included in Figure 47, the parameter file 
zero.par is assigned to all stress periods. This means that when the macro is run, a value of 0 extra pumping 
will be added to the agricultural/urban pumping data. 

This portion of the worksheet also includes the monthly distribution factors that the macro uses to 
distribute the annual urban pumping information (see Table 8). 

FIGURE 47 
PPN_Q_Generator_SACFEM_2013.xlsm, Input Worksheet (Lower Portion) 

 

5.2.1.5 Create PPN Files Macro 
The “Create PPN Files” button on the Input worksheet runs the macro that generates the monthly *.PPN 
input files. The macro reads the deep percolation of precipitation/applied water array, multiplies the data by 
the deep percolation adjustment factor (all 1 for SACFEM2013), and converts the data from values in units 
of ac-ft/month to linear rates of m/day. The macro then generates parameter files for each of the 492 stress 
periods with the naming convention of mm_yy.ppn, where mm represents the calendar month and yy 
represents the last two digits of the calendar year. 

5.2.1.6 Create Q Files Macro 
The “Create Q Files” button on the Input worksheet runs the macro that generates the monthly *.q input 
files. In general, the macro performs the following for each stress period: 
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• Reads the agricultural pumping array and converts the data from values in units of ac-ft/month to rates 
of m3/day  

• Apportions the annual urban pumping data based on the monthly distribution (see Table 8) 

• Combines the agricultural and project-specific pumping data and apportions vertically based on the 
user-defined upper/lower model layers. The macro uses a weighting factor based on the relative 
transmissivity at each node for each model layer to apportion the pumping data. For example, the 
weighting factor for model Layer 2 is as follows: 

 𝐴𝐴𝐺𝐺𝑐𝑐𝑚𝑚𝐺𝐺𝐺𝐺 =  𝑇𝑇2
𝑇𝑇2+ 𝑇𝑇3+𝑇𝑇4

 (12) 

Where T is the transmissivity (L2/T) for a given model layer (2 through 4). 

• Reads the project pumping parameter file and apportions vertically to the user-defined upper/lower 
“project” model layers using a similar factor as that defined in Equation 12 (modified as appropriate for 
the assigned model layers) 

• Combines the agricultural, urban, and project (if included) pumping for all stress periods 

The macro then generates parameter files for each of the 492 stress periods with the naming convention of 
mm_yy.qx, where mm represents the calendar month, yy represents the last two digits of the calendar year, 
and x represents the model layer. 

5.2.1.7 Create Wadi/Drain Files Macro 
The “Create Wadi/Drn Files” button on the Input worksheet runs the macro that generates the monthly 
*.wh1, *.wc1, and *.dc1 input files. As will be discussed in Section 5.3.2, the streambed elevation (*.wl1) 
and drain elevation (*.dh1) values are assigned during the first stress period and do not vary throughout the 
SACFEM2013 simulation. This macro reads the stream/bypass/reservoir elevation array and writes the 
values to *.wh1 files for each of the SACFEM2013 stress periods. The macro also uses this array to generate 
stream (wc1) and drain (dc1) conductance files as follows: 

• If the flag “-99” is present for any node/stress period, the macro will output a value of 0 to the 
corresponding *.wc1 file (meaning that the stream/bypass/reservoir is inactive at that node for that 
stress period) and will write the corresponding value from the user-specified temporary dc1 file (defined 
in the SACFEM2013 Model Data Input File Information section of the worksheet) to the *.dc1 file at that 
node for that stress period. 

• If the flag “-99” is not present (i.e., a “true” elevation value is present) for any node/stress period, the 
macro will output the corresponding value from the user-specified temporary wc1 file (defined in the 
SACFEM2013 Model Data Input File Information section of the worksheet) to the *.wc1 file (meaning 
that the stream/bypass/reservoir is active at that node for that stress period) and will write a value of 0 
(meaning that the drain boundary condition is inactive for that node/stress period) to the corresponding 
*.dc1 file at that node for that stress period.  

Similar to the deep percolation and pumping files, the naming conventions for the wadi and drain files are 
mm_yy.wh1, mm_yy.wc1, and mm_yy.dc1. 

5.2.2 SACFEM2013 Batch File Generation – The “FEB” Worksheet 
The FEB worksheet of the pre-processing utility contains one macro that is used to generate the batch file 
(*.feb) that runs the transient SACFEM2013 simulation. The SACFEM_2013.feb file is included as Appendix D 
for reference and is discussed in detail in Section 5.3.  

5.2.2.1 User-Defined Information 
The first section of the FEB worksheet includes cells where the user can define specific model input files as 
follows (see Figure 48): 
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• Path to MicroFEM Files: The user specifies the file path to the folder where the *.feb file will be saved in 
this cell. 

• FEB File: The user specifies the name of the *.feb file in this cell. 

• Name of Transient Storage File: The user specifies the name of the SACFEM2013 storage file in this cell. 
The file will not be accessed by the macro; however, the file name will be written to the *.feb file in the 
appropriate locations where it will be accessed during the transient simulation. 

• Name of Watersheds Polygon Label File: The user specifies the name of the SACFEM2013 label file 
containing for the mountain-front recharge polygons in this cell. The file will not be accessed by the 
macro; however, the file name will be written to the *.feb file in the appropriate locations where it will 
be accessed during the transient simulation. 

• Name of Mtn-front L-Factor File: The user specifies the name of SACFEM2013 parameter file used to 
scale the total mountain-front recharge for each polygon in this cell. The file will not be accessed by the 
macro; however, the file name will be written to the *.feb file in the appropriate locations where it will 
be accessed during the transient simulation. 

FIGURE 48 
PPN_Q_Generator_SACFEM_2013.xlsm, FEB Worksheet  
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The next section of the FEB worksheet includes cells where the user defines the beginning and ending 
calendar months and years for the simulation period (see Figure 48). The following section includes cells 
where the user defines criteria that are written to the TIME and RUN statements for each stress period. 
These include ITMIN (minimum number of iterations for each stress period), ERROR (closure criteria for 
error in heads, m), M3ERROR (closure criteria for water budget error for all stress periods, m3/day), and 
STEPS (number of time steps for all stress periods). The assignment of ITMAX (maximum number of 
iterations for each stress period) and RELAX (solver relaxation factor) will be discussed in the macro 
execution section. The upper and lower pumping model layer cells are used to define the shallowest and 
deepest model layers where pumping (agricultural, urban, or project) occurs. The macro uses this 
information to determine how many *.q files for which to write load statements for all stress periods. 
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5.2.2.2 Non-Looping Batch File Text 
The section of the FEB worksheet (following the cell containing the text “Upfront [non-looping] Instructions 
to include in FEB File [“no gaps between lines”]) includes syntax that is written verbatim directly to the batch 
file (See Figure 48). A detailed discussion of this portion of the batch file is provided in Section 5.3.1. In 
general, this portion of the batch file assigns initial model input parameters and opens model output files. If 
the user would like to change any input our output files, the file names and calculations can be updated in 
this portion of the pre-processor. Refer to Appendix D for an example of the SACFEM_2013.feb file and to 
Section 5.3.1 for a complete discussion of the syntax. 

Note: There can be no blank rows in this portion of the worksheet. The macro will only write text to the *.feb 
file up to the first blank row. 

5.2.2.3 Other Worksheets 
There are three other worksheets accessed by the macro that generates the SACFEM2013 batch file, 
including “Annual Mtnfront Precip_in,” “WY_TypeLookup,” and “RELAX_ITMAX” (see Figure 48). The “Annual 
Mtnfront Precip_in” worksheet contains the data written to the *.feb file to estimate subsurface inflow 
along the margin of the model domain (see Figures 49a through 49d). The worksheet contains a column for 
each of the 34 mountain-front recharge polygons shown on Figure 22. The first three rows list the polygon 
number, the adjustment factor (multiplier to increase or decrease recharge for each polygon), and the area 
(in acres) of each polygon. The worksheet contains the following “blocks” of data that progress through the 
calculation of deep percolation for each calendar year and mountain front recharge polygons: 

• Average precipitation (inches) across each polygon based on the PRISM dataset (see Box 47a) 

• Deep percolation of precipitation (inches) for each polygon calculated using Equation 9 (see Figure 49b) 

• Volumetric deep percolation of precipitation (m3), calculated using the deep percolation values in the 
previous bullet and the polygon areas (see Figure 49c) 

• Monthly distribution factors for mountain front recharge based on the distribution of unimpaired runoff 
of Deer Creek at the Vina stream gage (see Figure 49d). 

The “WY_TypeLookup” worksheet contains data related to the water year index for the Sacramento and San 
Joaquin Valleys (see Figure 50). These data include unimpaired runoff, water year index, and water year 
classification. In SACFEM2013, this information is written as the header for each stress period of the 
simulation period for informational purposes only. 

The “RELAX_ITMAX” worksheet is where the user can paste the simulation summary information from a 
previous simulation (see Figure 51) from the SACFEM2013 Run Log Reader (discussed below in 
Section 5.5.1). This information is used to determine if additional iterations or solver relaxation are needed 
for any stress periods. 
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FIGURE 49A 
PPN_Q_Generator_SACFEM_2013.xlsm, Annual Mtnfront Precip_in Worksheet, PRISM Data 

 

 

FIGURE 49B 
PPN_Q_Generator_SACFEM_2013.xlsm, Annual Mtnfront Precip_in Worksheet, Deep Percolation (inches) 
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FIGURE 49C 
PPN_Q_Generator_SACFEM_2013.xlsm, Annual Mtnfront Precip_in Worksheet, Deep Percolation (cubic meters) 

 

FIGURE 49D 
PPN_Q_Generator_SACFEM_2013.xlsm, Annual Mtnfront Precip_in Worksheet, Monthly Distribution 
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FIGURE 50 
PPN_Q_Generator_SACFEM_2013.xlsm, WY_TypeLookup Worksheet 

 

FIGURE 51 
PPN_Q_Generator_SACFEM_2013.xlsm, RELAX_ITMAX Worksheet 
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5.2.2.4 Create FEB File Macro 
The “Create FEB File” button on the FEB worksheet runs the macro that generates the SACFEM2013 
transient batch file. As described above, the static (non-looping) text included on the FEB worksheet is 
written directly to the batch file. For each stress period, the macro performs the following: 

• Writes statements for each mountain front polygon to assign the annual volumetric deep percolation of 
precipitation (from the Annual Mtnfront Precip_worksheet) along the mountain front to an extra 
register 

• Writes equations for each mountain front polygon to calculate the daily volumetric flux for the stress 
period, incorporating the monthly distribution factor and the mountain-front recharge adjustment 
factor (from the Annual Mtnfront Precip_worksheet) as well as the number of days in the month 

• Writes a statement to apportion the mountain-front recharge among the nodes for each polygon and 
loads/saves the volumetric flux as a *.q1 (model Layer 1 pumping file) 

• Writes a header specifying the water year type (from the WY_TypeLookup worksheet) 

• Writes statements to load the *.ppn, *.wh1, *.wc1, *.dc1, and *.q files (based on the user-defined 
upper/lower pumped layers on the FEB worksheet) 

• Writes the TIME and RUN statements populated with the user-defined time steps, iterations, and 
closure criteria. For ITMAX and RELAX, the macro reads the specified number of iterations and the actual 
number of iterations used on the RELAX_ITMAX worksheet. If the model failed to converge for a given 
stress period for a previous simulation, the macro increases the ITMAX from 600 to 1,000 and assigns a 
RELAX value of 1. 

• Writes statements to save the head files at the end of the stress period 

5.3 Running SACFEM2013 – The MicroFEM Batch File 
Model calculations can be performed in two manners by MicroFEM. The first is by direct steady-state 
calculation in the MicroFEM calculation window (see Figure 52). The second is by loading a batch file (*.feb) 
into the MicroFEM project (either by adding a batch file to the *.fpr file name in a text editor or by opening 
an *.fpr file through the calculation window [see Figure 53]). The MicroFEM batch file (*.feb) is an ASCII file 
that can be opened and edited either in the MicroFEM calculation window or in a text editor. The *.feb file 
contains all commands necessary to perform a given model simulation (loading, calculating, and assigning 
model input parameters; executing the run statement; managing model output). Refer to the MicroFEM 
User’s Manual or help menu for a list of commands available for use in a *.feb file. 

*Note: if storage values of zero are assigned, a steady-state simulation can be executed via a MicroFEM 
batch file. 

An example batch file, SACFEM_2013.feb, is included in Appendix D. This is the batch file currently used for 
the baseline condition (no project) SACFEM2013 calibration simulation. As discussed in the preceding 
section, SACFEM_2013.feb is generated with the pre-processing utility 
“PPN_Q_Generator_SACFEM_2013.xlsm.” The following sections describe and explain the syntax used in 
each portion of the batch file. 
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FIGURE 52 
MicroFEM Calculation Window, Options Tab 

 

FIGURE 53 
MicroFEM Calculation Window, Batch-file Editor Tab 
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5.3.1 Non-Looping Batch File  
5.3.1.1 Assignment of Model Input Parameters 
The non-looping portion of SACFE_2013.feb is responsible for assigning initial model parameters and 
opening of model output files. 

Note: Each line of a *.feb file that begins with “rem” represents remarks (i.e., notes) for the reader. 
MicroFEM does not read/consider “rem” statements in the model calculation. 

The first section of the non-looping batch file (following the “BEGIN SIMULATION” header) zeros out the 
initial head and pumping parameters for all nodes/layers. This is done by loading (via the LOAD command) a 
parameter file, Zero.par, containing a value of zero for every model node into each head and discharge 
register. 

The next section of the batch file (following the rem**********assign Transmissivity Values********** 
header) calculates the transmissivity values for all model nodes/layers. The first step in the process involves 
loading parameter files containing horizontal hydraulic conductivity values for each “grouping” of model 
layers (described in Section 3.2.2) into extra registers. In the case of SACFEM_2013, these are registers x3, 
x4, and x5. The MicroFEM “Eval” command is then used to directly calculate and assign the transmissivity for 
each model layer (t1 through t7) by multiplying the model layer thickness (mt1 through mt7) by the 
horizontal hydraulic conductivity contained in the extra register. For example, the formula to calculate the 
transmissivity of t1 is as follows: 

 𝑚𝑚1 = 𝑚𝑚𝑚𝑚1 × 𝑥𝑥3  (13) 

Where: 

t1  = transmissivity of model layer 1 (L2/T) 
mt1  =  thickness of model layer 1 (L) 
x3  =  extra register containing the horizontal hydraulic conductivity of model layer 1 (L/T) 

Note: The current version of SACFEM2013 assumes that the thickness register has been populated with the 
appropriate thickness values for each model layer (i.e., SACFEM_2013.thi is loaded into the *.fpr); therefore, 
thickness values are not directly assigned in the batch file. 

The batch file then saves (using the SAVE command) parameter files for each model layer containing 
transmissivity values for all model nodes. 

As previously discussed, SACFEM2013 does not explicitly simulate aquitards between model layers; 
however, vertical resistance to groundwater flow across model layer interfaces is simulated using the 
vertical resistance term. The next portion of the batch file (following the rem**********assign vertical 
resistance values ********** header) calculates the vertical resistance terms for each model layer 
(c2 through c7). The first step involves loading a parameter file (SACFEM_v2_KhKv_Ratio_500.par) 
containing the Kh:Kv values for each model node into extra register x6. The values included in the parameter 
file are those described in Section 3.2.2. The batch file then calculates the vertical resistance term using 
Equation 2 and the previously assigned model transmissivity, thickness, and Kh:Kv values. The calculations 
use a Kh:Kv of 50:1 for model Layer 1 and the anisotropy factors loaded into x6 for all other model layers. 

Following assignment of vertical resistance terms, the batch file loads two parameter files (ground surface 
elevation and streambed elevation) into the extra register. This process loads the data for user review; 
however, the extra registers are not used for subsequent calculations in the SACFEM2013 simulation. 

5.3.1.2 Opening Transient Water Budget Files 
The final section of the batch file (following the rem**********open ftq files********** header) opens 
transient head (*.fth) and flux (*.ftq) files that can be used to evaluate model calibration and potential 
impacts (in the case of a “with project” simulation). Transient head files are used to save time series 
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(for each stress period) simulated head data for a user-defined set of model nodes. Transient flux files save 
volumetric flux data for all water budget components for a user-defined set of model nodes. Refer to the 
MicroFEM User’s Manual or Help menu for more information about these files.  

The first transient water budget file opened in the batch file is the “all.ftq” file. The first step in the process 
is to load a label file into the Label 1 register (default register included in the *.fem file) that contains the 
text “all” at every node within the SACFEM2013 model domain. Next, the transient flux file “all.ftq” is 
opened using the syntax “open-q all=all.ftq upper=1 lower=7.” MicroFEM opens the transient flux file and 
aggregates the water budget components for every node containing the text “all” in the label register 
(in this case, every node in the model domain). This file ultimately contains the total volumetric fluxes 
(i.e., summed for all model nodes) for each of the water budget components for each stress period. 
MicroFEM saves the volumetric fluxes for each model layer separately. The “upper=1 lower=7” syntax tells 
MicroFEM to open the transient flux file for model Layers 1 through 7. 

The second set of transient water budget files opened in the batch file (following rem**********open ftq 
files for Water Budget Areas**********) are for sub-areas of the model domain representing the WBAs 
presented on Figure 25. The first step involves loading the label file SACFEM_v2_WBAs_121013.lb into the 
label 1 register. Each model node has a text string in this label file corresponding to the appropriate water 
budget area (i.e., all model nodes that are located within the spatial extent of Water Budget Area 2 are 
assigned the label WBA_2). Next, separate transient water budget files are opened for each group of nodes 
containing common text strings. Similar to the all.ftq file, the water budget area *.ftq files are opened for all 
model layers. 

The final set of transient water budget files opened in SACFEM_2013.feb (following rem**********open ftq 
files for streams**********) are for streams simulated in SACFEM2013. A label file, 
SACFEM_v2_Streams_FTQ_042314.lb, is loaded into the label 1 register. This file contains text representing 
the name of each stream, bypass, and reservoir included in SACFEM2013. The text strings are assigned only 
to those nodes representing the spatial location of each surface water feature (i.e., non-stream nodes are 
blank). Separate transient water budget files are then opened for each group of nodes containing common 
text (i.e., each stream, bypass, or reservoir). FTQ files for surface water features are only opened for model 
Layer 1, as this is the only model layer that interacts with MicroFEM top system boundary conditions. 

As previously described, transient head files save time series simulated groundwater elevation data for a 
user-defined set of nodes. The portion of the SACFEM2013 batch file following ********open fth for WDL 
wells******** opens a *.fth file for wells contained in the DWR Water Data Library. A label file containing 
the unique state well number (SWN) for each well, SACFEM_v2_WDL_Wells.lb, is loaded into the label 1 
register. Each SWN included in the label file is preceded by the character “^”. A single transient head file is 
then opened for all nodes that contain a “^”. Although a single *.fth file is opened, simulated head data are 
saved and can be read for each individual model node containing a “^” in the label file. As indicated by the 
“upper=1 lower=7” syntax, head data are saved for all model layers. 

Prior to the onset of the transient (looping) portion of the batch file (following ********assign initial 
heads********), initial head files are loaded into SACFEM2013. This set of initial heads were selected from a 
previous SACFEM2013 simulation. September 1986 was chosen as the representative stress period for the 
initial head condition. 

5.3.2 Looping Batch File  
As described in Section 5.2, Model Pre-processing, the looping portion of SACFEM_2013.feb represents the 
transient model simulation. A similar set of model commands is executed for each of the 492 model stress 
periods, following:  

rem********************************************** 

rem BEGIN TRANSIENT SIMULATION 

rem********************************************** 
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5.3.2.1 Mountain-Front Recharge 
As discussed in Section 3.2.4.2, deep percolation of precipitation within the Sacramento Hydrologic Region 
in areas outside of the SACFEM2013 model domain is incorporated as a specified-flux boundary condition 
along the model boundary, mountain-front recharge. The first set of syntax in the *.feb for each stress 
period of the transient SACFEM2013 simulation (following rem*************assign mountain-front 
recharge**********) includes calculations to assign the mountain front recharge for each of the 
34 polygons presented on Figure 22. 

The first step in the process involves loading a label file containing text strings associated with each of the 
mountain front recharge polygons into the label 1 register, SACFEM_v2_VoidPolygons2013_v2.lb. The label 
file contains text associated with the spatial location of each polygon along the SACFEM2013 model 
boundary; all other nodes are blank. The batch file then zeros out pumping for all nodes in each model layer 
by loading a parameter file, Zero.par, containing values of zero for all nodes into each pumping register. This 
is done to avoid carry-over pumping between model stress periods. 

In the next step, the total annual volumetric deep percolation of precipitation (in units of cubic meters) is 
assigned to all nodes corresponding to each of the mountain-front polygons. This is accomplished using the 
MicroFEM “EVAL” command to directly assign the deep percolation values to extra register x22. For 
example, for stress period 1 (October 1969) the syntax EVAL; x22=8071480 label=1 indicates that a value of 
8,071,480 m3 is assigned to all nodes containing the text “1” in the label 1 register.  

The next section of the *.feb file (following rem*************adjust mountain-front recharge**********) 
contains syntax to convert the total annual volumetric deep percolation values to daily rates. The batch file 
firsts loads a parameter file, SACFEM_v2_MtnFront_L_Factor_2013_v2.par, into the x23 register. This 
parameter file contains a weighting factor for each node of a given polygon to scale the total deep 
percolation values. For each node in a polygon the weighting factor is calculated as follows: 

 𝑆𝑆𝑐𝑐𝐺𝐺𝑆𝑆𝑖𝑖𝐺𝐺𝑃𝑃 𝐴𝐴𝐺𝐺𝑐𝑐𝑚𝑚𝐺𝐺𝐺𝐺 =  𝐿𝐿𝐺𝐺𝐺𝐺𝑃𝑃𝑚𝑚 ℎ  𝐺𝐺𝑆𝑆  𝐼𝐼𝐺𝐺𝐺𝐺𝑖𝑖𝐼𝐼𝑖𝑖𝐺𝐺𝐺𝐺𝐺𝐺𝑆𝑆  𝑁𝑁𝐺𝐺𝐺𝐺𝐺𝐺
𝑇𝑇𝐺𝐺𝑚𝑚𝐺𝐺𝑆𝑆  𝐿𝐿𝐺𝐺𝐺𝐺𝑃𝑃𝑚𝑚 ℎ  𝐺𝐺𝑆𝑆  𝐴𝐴𝑆𝑆𝑆𝑆  𝑁𝑁𝐺𝐺𝐺𝐺𝐺𝐺𝑁𝑁  𝑖𝑖𝐺𝐺  𝑀𝑀𝐺𝐺𝐺𝐺𝐺𝐺𝑚𝑚𝐺𝐺𝑖𝑖𝐺𝐺  𝐴𝐴𝐺𝐺𝐺𝐺𝐺𝐺𝑚𝑚  𝑃𝑃𝐺𝐺𝑆𝑆𝑆𝑆𝑃𝑃𝐺𝐺𝐺𝐺

 (14)  

The total volumetric values are then converted to daily rates given the following:  

 𝐴𝐴𝐺𝐺𝑖𝑖𝑆𝑆𝑆𝑆 𝑅𝑅𝐺𝐺𝑚𝑚𝐺𝐺 = 𝑇𝑇𝐺𝐺𝑚𝑚𝐺𝐺𝑆𝑆  𝐴𝐴𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑆𝑆  𝑉𝑉𝐺𝐺𝑆𝑆𝐺𝐺𝑚𝑚𝐺𝐺 ∗𝑀𝑀𝐺𝐺𝐺𝐺𝑚𝑚 ℎ𝑆𝑆𝑆𝑆  𝐴𝐴𝑖𝑖𝑁𝑁𝑚𝑚𝐺𝐺𝑖𝑖𝐷𝐷𝐺𝐺𝑚𝑚𝑖𝑖𝐺𝐺𝐺𝐺  𝐴𝐴𝐺𝐺𝑐𝑐𝑚𝑚𝐺𝐺𝐺𝐺 ∗𝐴𝐴𝐺𝐺𝑗𝑗𝐺𝐺𝑁𝑁𝑚𝑚𝑚𝑚𝐺𝐺𝐺𝐺𝑚𝑚  𝐴𝐴𝐺𝐺𝑐𝑐𝑚𝑚𝐺𝐺𝐺𝐺
𝐴𝐴𝐺𝐺𝑆𝑆𝑁𝑁  𝑖𝑖𝐺𝐺  𝑀𝑀𝐺𝐺𝐺𝐺𝑚𝑚 ℎ

 (15)  
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As previously discussed in Section 3.2.4.2, the “Monthly Distribution Factor” apportions the annual deep 
percolation values for each month based on monthly distribution of streamflow measured in ungaged 
sections of Deer Creek (see Table 5). The “adjustment factors” for each mountain-front polygon are 
multipliers for each polygon developed during the calibration process. An example of the SACFEM_2013.feb 
syntax is as follows: EVAL; x22=p*0.030*0.50/31 label=1. For this process, MicroFEM takes the p (present 
value, total annual volumetric flux), multiplies by the monthly distribution factor of 3 percent for October 
and the calibration adjustment factor of 0.5 for mountain-front polygon 1, and divides by 31 (the number of 
days in October). As the end of this calculation, the total volumetric deep percolation value is converted to a 
daily rate, but the total daily rate is assigned to each node of a given polygon. 

Note: when running a batch file that includes performing calculations for subsets of the model domain based 
on a label file, it is important to have only the label 1 register active (i.e., have no labels loaded into the 
label 2 through 5 registers). If a label is accidentally loaded twice (that is, the label is present in any of the 
label 2 through 5 registers and is loaded into label 1 as part of a *.feb file), MicroFEM will perform the 
calculation multiple times (each time it “sees” the specified text string in any of the label registers). 

Note: Leap years are not considered in SACFEM; therefore, February stress periods are always 28 days long. 

The final set of syntax in this portion of the *.feb file scales the deep percolation based on the factors 
described in Equation 14. The syntax included in the *.feb file is “q1=x22*x23*-1.” This means that for all 
nodes in the model, the Layer 1 pumping register is assigned a value representing the total daily deep 
percolation rate multiplied by the nodal scaling factor. The “-1” indicates that the specified flux is an inflow 
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value (i.e., in MicroFEM, negative pumping values represent injection and positive values represent 
extraction).  

5.3.2.2 Model Calculation 
The final section of the looping batch file contains syntax to conduct the model calculation for each of the 
492 monthly stress periods. The first section loads several parameter files specific to each stress period. 
These include the deep percolation of applied water/precipitation file (*.PPN), the wadi head file (*.wh1), 
the wadi conductance file (*.wc1), the drain conductance file (*.dc1), and the pumping files for each model 
layer (*.q). 

Note: For stress period, one these additional parameter files is loaded: model storage file (SACFEM_v2.sto), 
streambed elevation file (SACFEM_v2_WL1_042314.par, wl1), and drain elevation file 
(SACFEM_v2_GSE_Combined_mNAVD88_120313.par, dh1). These parameters remain constant throughout 
the model simulation period. 

The next section of the batch file defines the time discretization for each stress period. For stress period 1, 
the syntax is as follows: 

TIME 
days=31 
steps=1 

The duration of each stress period is 1 month; therefore, the number of days in a given month is specified 
(as assigned during model pre-processing described in Section 5.2). A single time step is used in each stress 
period. The time-step duration is variable, but always equates to the length of the month being simulated. 

The next section of the batch file contains the run statement. For stress period 1, the syntax is as follows: 

RUN 
itmin=50 
itmax=600 
relax=0 
error=0.005 
m3error=1 

The syntax “itmin” represents the minimum number of iterations, specified as 50 for all stress periods. 
“Itmax” represents the maximum number of iterations for each stress period. The default value is 
600 iterations; however, as discussed in Section 5.2.2.3, a value of 1000 is assigned during model 
preprocessing if the model failed to converge for a given stress period for a previous simulation. The “relax” 
is an adjustment factor used by the MicroFEM solver (successive over-relaxation, SOR). The default value of 
0 is assigned; however, as with the maximum iterations, a value of 1 is assigned if the model failed to 
converge for a given stress period during a previous simulation. The “error” term defines the closure criteria 
for the heads, specified as 0.005 meter for all stress periods, while the “m3error” defines the closure 
criterion for the model water budget (1 m3/day for all stress periods). Model convergence is only achieved 
for a given stress period if these error criteria are met.  

5.4 The MicroFEM LOG File 
The *.log file contains the details of a given model simulation. The *.log file is opened by checking a box in 
the MicroFEM calculation window and specifying a file name (see Figure 52). The *.log file essentially follows 
the format of the *.feb file for a given simulation, but includes additional information regarding model 
calculations and summary of model calculation for each stress period. It is important to note that a transient 
MicroFEM simulation will stop if MicroFEM is unable to load a specified parameter or label file. The 
MicroFEM *.log file is essential to verify the success of a model simulation. 
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When calculations are included in a batch file (with the EVAL command), the *.log file will include syntax 
such as “New values assigned to X nodes”, where X represents the number of nodes to which a given 
parameter is assigned. If MicroFEM is not successful in implementing a calculation, syntax such as “New 
values assigned to 0 nodes” or “Cannot Evaluate” will be written to the *.log file, but the model simulation 
will continue with the incorrect parameter values. 

At the end of each stress period, a summary of the stress period calculation is written to the *.log file. This 
includes the current time (cumulative number of days for the simulation to that point), number of iterations 
used for the stress period, the maximum change in head for the stress period (in meters), the water budget 
error for the stress period (in m3/day), the node containing the maximum change in head, and the layer 
containing the maximum change in head. This summary information should be examined to confirm that the 
closure criteria were met for each stress period. MicroFEM will continue a simulation regardless of whether 
the criteria are met and does not write an error message to the *.log file to designate stress periods that 
failed to converge. A post-processor has been developed to facilitate evaluation of the *.log file and is 
discussed in the following section. 

5.5 Model Post-processing 
Several transient output files are generated during the SACFEM2013 simulation. Two pre-processors have 
been developed to process and summarize these data, RunLogReader_SACFEM_2013.xls and 
Hydrographs_SummaryStatsTool_SACFEM_2013.xlsm. 

5.5.1 Run Log Reader 

The SACFEM2013 run log reader summarizes the simulation information for each stress period from the 
*.log file. The user inputs SACFEM2013 file information in the first six rows including: path in *.log file, file 
name (including extension), starting month (calendar month), starting year (calendar year), default 
maximum number of iterations, and number of iterations to include if the model fails to converge for a given 
stress period (see Figure 54). The run log reader contains two macros. The “Erase Results” button clears the 
summary information from the previous simulation, if present. The “Parse Run Log File” button reads 
through the SACFEM_2013.log file and searches for the text string below (which is written to the *.log file at 
the end of each stress period). 

CurrentTime Iterations MaxHeadChange (m) M3Error (m³/d) NodeMaxHeadChange LayerMaxHeadChange 

The macro then writes summary information for each stress period to the “Sheet 1” worksheet (see 
Figure 54). Finally, the macro compares the number of iterations used to the user-specified default number 
of maximum iterations. If the number used is greater than or equal to the default, the macro populates the 
“NewItmax” column with the user-specified value in row 6, and the “NewRelax” column with a 1. The 
summary information included in “Sheet 1” can be pasted into the “RELAX_ITMAX” of the pre-processing 
utility “PPN_Q_Generator_SACFEM_2013.xlsm.” As discussed in Section 5.2.2.3, the new itmax and relax 
values for stress periods that failed to converge will be modified in the *.feb file for the next simulation. 
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FIGURE 54 
RunLogReader_SACFEM_2013.xls, Sheet 1 

 
Note: The number of characters (spaces) in the text string above (that the macro searches the *.log file for) 
periodically changes with new MicroFEM releases. If the macro fails to run, open the VBA module and the log 
file, highlight the entire text string from the log file (see Figure 55), and paste into the VBA module 
(see Figure 56). 

FIGURE 55 
SACFEM2013.log Syntax to Search/Replace 
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FIGURE 56 
RunLogReader_SACFEM_2013.xls, Visual Basic Code to Search/Replace 

 
 

5.5.2 Hydrograph and Summary Statistics Utility 
As discussed in Section 5.3, transient heads files are opened for all monitoring wells included in the DWR 
water data library database at the beginning of the SACFEM2013 simulation (WDL_Hydrographs.fth). The 
post-processing utility “Hydrographs_SummaryStatsTool_SACFEM_2013.xlsm” is used to examine 
simulated-versus-measured groundwater elevation data for SACFEM2013 calibration target wells. 
Worksheets in this utility include the following: 

ReadMe: Contains information about the processing utility and disclaimer on use 

• Inputs: Contains macros to populate and erase data on the “SimHeads” worksheet as well as to 
generate hydrographs. 

• SimHeads: Worksheet is populated with simulated groundwater elevation data for each SACFEM2013 
target well listed on the “Inputs” worksheet. 

• ObsHeads: Contains measured groundwater elevation data for target wells. The date range for the data 
is limited to the SACFEM2013 simulation period (that is, no data earlier/later than WY1970 and WY2010 
can be included). Data should only be included for SACFEM2013 calibration target wells (i.e., the same 
list of wells included on the “Inputs” worksheet and in ReadFTH.inp). 

• NodeNoLayerLookup: Contains look-up information for SACFEM2013 calibration target wells, including 
SACFEM2013 model node number, SACFEM2013 model layer number, well coordinates, and ground 
surface elevation at the well. 

• TemplatePlot: Worksheet contains the template plot used to format hydrographs. The user can modify 
the format of the graph (axes, series format, etc.) on this worksheet, and the changes will be propagated 
to all hydrographs when the “Create Hydrographs” macro is run. 

• Hydrographs: When the “Create Hydrographs” macro on the “Inputs” worksheet is run, this worksheet 
is populated with hydrographs for all SACFEM2013 calibration target wells.  

• PairedMeasSimHeads: Contains macros to erase previous simulation results, pair simulated/measured 
groundwater elevation data for all SACFEM2013 calibration targets, and calculate calibration statistics. 

• C.Scatterplot: Contains a scatterplot of all data from the “PairedMeasSimHeads” worksheets, including 
calibration statistics for the entire calibration dataset. 

• CalibrationStats_L1……L7: When the “Compute Calibration Stats” macro is run on the 
“PairedMeasSimHeads” worksheet, these worksheets are populated with calibration statistics for 
SACFEM2013 target wells for each respective layer. 
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5.5.2.1 ReadFTH 
Prior to running any macros in the Excel utility, the *.fth file is converted to a format that is easier for the 
utility to process. This is done with the utility, ReadFTH.exe. This utility consists of an executable and an 
input file, which should be located in the same folder as the *.fth file. The input file (ReadFTH.inp) is an ASCII 
file that can be read/modified via a text editor. The file contains four header rows that include the following 
information: name of the *.fth file, name of the output file (*.csv file format), starting date of the model 
simulation, and number of target wells. This information is followed by the list of calibration targets. Each 
calibration target is listed on its own row with the following information: SACFEM2013 model node number, 
SACFEM2013 model layer, SWN. This information should be comma-delimited and sorted by ascending 
SACFEM2013 model node number (see Figure 57). The utility will write the simulated head information for 
the specified model layer for each well listed in the *.inp file to an Excel *.csv file. This *.csv file is read by 
the “Hydrographs_SummaryStatsTool_SACFEM_2013.xlsm” utility. 

Note: The utility ReadFTH.exe will write the initial heads information to the *.csv output file. The user should 
open the *.csv file, manually delete the stress period 0 data rows (as this does not represent converged 
simulated heads to be considered in calibration statistics), and resave the file. 

FIGURE 57 
ReadFTH.inp File 

 
 
5.5.2.2 Inputs Worksheet 
The “Inputs” worksheet of the post-processing utility contains macros to clear simulated data from a 
previous simulation, read the simulated heads files, and generate hydrographs of simulated and measured 
data. There are several rows at the top of the worksheet (see Figure 58) where the user defines the 
following categories of information: 

• FTH-CSV File Path and File: path to the *.csv file, including the file name 

• Starting Date: starting date of the simulation 

• Desired Number of Plots Per Row: number of hydrographs to plot on a given row 

• Desired Plot Width (characters): width of each hydrograph 
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• Desired Plot Height (characters): height of each hydrograph 

• Desired Y-Range on Plots: y-axis range on hydrographs – if a value is populated in this cell, all 
hydrographs will have the user-specified range (the macro will select the axis minimum/maximum). If 
the cell is left blank, all hydrographs will have the exact y-axis value/range as the template plot 

Below the user-specified information is a toggle box for the desired output units as well as buttons for each 
of the macros. The last section of the “Inputs” worksheet contains the list of calibration targets, including 
SWN, SACFEM2013 model layer, and SACFEM2013 model node number. The list should contain the same 
calibration target wells as ReadFTH.inp and should be sorted in ascending order by SACFEM2013 node 
number (see Figures 57 and 58). 

As previously discussed, three macros are included on the “Inputs” worksheet.  

• ResetSimHeads: clears the data from the “SimHeads” worksheet. 

• Summarize FTH Results: reads user-defined *.csv file and writes the simulated groundwater elevation 
data for all SACFEM2013 calibration target wells listed on the “Inputs” worksheet to the “SimHeads” 
worksheet.  

• Create Hydrographs: generates hydrographs of simulated and measured groundwater elevations for all 
SACFEM2013 calibration target wells listed on the “Inputs” worksheet. Simulated groundwater elevation 
data are read from the “SimHeads” worksheet, and measured groundwater elevation data are read from 
the “ObsHeads” worksheet. The macro formats the hydrographs consistent with the graph included on 
the “TemplatePlot” worksheet.  

Note: the utility is designed to process data between WY1970 and WY2010. Modifications are required to 
process data for a different simulation period. 

FIGURE 58 
Hydrographs_SummaryStatsTool_SACFEM_2013.xlsm, Inputs Worksheet 

 

5.5.2.3 PairedMeasSimHeads Worksheet 
The “PairedMeasSimHeads” worksheet of the post-processing utility contains macros to clear data from a 
previous simulation and to calculate calibration statistics (see Figure 59). The “Clear Stats Sheets” macro 
clears the data from the “PairedMeasSimHeads” worksheet as well as the calibration statistics worksheets 
for each model layer. The “Compute Calibration Stats” macro performs the following functions: 
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• For each measured groundwater elevation on the “ObsHeads” worksheet, the macro pairs a quasi-
contemporaneous simulated groundwater elevation from the “SimHeads” worksheet. The macro 
interpolates the simulated groundwater elevation data between stress periods to matches the date of 
the measured groundwater elevation data. The simulated, measured, and residual error in heads are 
written to the “PairedMeasSimHeads” worksheet for each data point (see Figure 59). 

• The macro computes the summary calibration statistics (ME, RMSE, range in measured heads, RMS 
divided by range in measured heads, R2, and count) for the entire “paired” dataset, which are computed 
and written to the worksheet. 

• The graph on the “C.Scatterplot” worksheet automatically updates with the simulated and measured 
data and the calibration statistics included on the “PairedMeasSimHeads” worksheet (see Figure 60). 

• For each SACFEM2013 target well listed on the “Inputs” worksheet, the macro computes the calibration 
statistics for the entire “paired” dataset and writes this information to the calibration statistics 
worksheet corresponding to the model layer for each of the target wells (CalibrationStats_L1 through 
CalibrationStats_L7). 

FIGURE 59 
Hydrographs_SummaryStatsTool_SACFEM_2013.xlsm, PairedMeasSimHeads Worksheet 
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FIGURE 60 
Hydrographs_SummaryStatsTool_SACFEM_2013.xlsm, C.Scatterplot Worksheet 

 
 

5.5.3 Transient Water Budget Files 
As discussed in Section 5.3.1, several transient water budget files are opened at the beginning of the 
SACFEM2013 simulation. These are tab-delimited ASCII 2 files that can be opened in a text editor or copied 
into a spreadsheet for further analysis. There are several header rows followed by simulated data (in 
m3/day) for all components of the water balance. The first “block” of data represents the uppermost 
specified model layer (“upper=” in the open-q statements) and is displayed with header titles for the water 
balance component (which are in columns). Rows in the *.ftq files represent data for each stress period (in 
ascending order). Successive “blocks” of data represent additional model layers (i.e., model layers between 
“upper=” and “lower=” in the open-q statements) and are displayed without column headers. The user is 
referred to the MicroFEM help menu or user’s manual for additional information about transient water 
budget files. 
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Appendix A 
Historical Surface Water Diversion Data and IDC 

Applied Water Demand Comparisons 

 



 
Figure A-1 Annual Historical Diversions and IDC Calculated Demands for RD 108 and River 
Garden Farms 

 
Figure A-2 Annual Historical Diversions and IDC Calculated Demands for Western Canal 

 
Figure A-3 Annual Historical Diversions and IDC Calculated Demands for Joint Water District 



 
Figure A-4 Annual Historical Diversions and IDC Calculated Demands for YCWA 

 
Figure A-5 Annual Historical Diversions and IDC Calculated Demands for Meridian, Newhall, 
Tisdale, and Short Form Contractors in WBA 18  

 
Figure A-6 Annual Historical Diversions and IDC Calculated Demands for Sutter Mutual 
 



 

 

Appendix B 
Summary of Quantitative Calibration Targets 

 



 

APPENDIX B 
Summary of Quantitative Calibration Targets by Well 
SACFEM2013: Sacramento Valley Finite Element Groundwater Model; User’s Manual          

State Well Number 
SACFEM 2013 Model 

Layer 
Earliest Year with 

Measured Data 
Latest Year with 
Measured Data 

Minimum Measured 
Groundwater Elevation  

(feet NAVD88) 

Maximum Measured 
Groundwater Elevation  

(feet NAVD88) 

Range in Measured 
Groundwater Elevation 

(feet) 
Number of 

Measurements 
Mean Error 

(feet) 
Root Mean Squared Error 

(feet) 

05N02E05C001M 1 1972.22 1999.76 2.2 14.3 12.1 318.0 -0.3 4.9 

05N05E04C001M 2 1969.9 2002.35 -55.5 -22.5 33.0 335.0 30.2 30.7 

05N05E10C003M 2 1969.87 2010.57 -42.5 -10.6 31.9 94.0 19.7 21.1 

06N01E24L003M 2 1970.24 2010.25 14.4 33.0 18.6 75.0 -1.4 4.9 

06N02E02M003M 2 1970.24 2010.24 -8.3 24.3 32.6 72.0 -8.6 14.6 

06N05E01C001M 1 1969.9 2006.7 -80.1 -42.8 37.3 425.0 43.9 44.3 

07N01E08N002M 2 1972.64 1994.63 64.6 87.5 22.9 235.0 -24.5 25.0 

07N01E11K001M 4 1994.09 1998.42 -17.5 51.9 69.4 51.0 -26.4 33.0 

07N01E25J001M 3 1991.6 1999.25 -69.3 33.4 102.7 77.0 -10.4 19.8 

07N05E26C001M 4 1970.21 2008.9 -63.9 -31.0 32.9 75.0 31.5 32.0 

07N05E32D001M 5 1978.79 1991.2 -51.3 -27.1 24.2 26.0 26.1 26.4 

07N06E23P001M 2 1969.9 1998.94 -38.1 1.4 39.5 317.0 -0.8 4.8 

08N03E04R001M 2 1970.28 2010.67 -35.8 17.9 53.7 414.0 8.2 10.0 

08N04E24M001M 1 1969.9 2001.41 -12.6 3.0 15.6 142.0 13.9 14.1 

08N05E07P001M 2 1970.21 2010.7 -5.5 5.7 11.2 349.0 3.3 3.6 

08N06E21N002M 2 1969.81 2004.17 -28.4 1.6 30.0 122.0 3.7 6.9 

08N06E25J002M 2 1970.21 2010.57 -14.7 85.5 100.2 79.0 -13.8 19.2 

08N07E18E002M 3 1984.2 2010.58 -28.9 28.7 57.6 51.0 -8.7 15.8 

09N02E16N001M 2 1969.9 2010.67 -27.0 48.1 75.1 461.0 -2.5 11.0 

09N04E01R001M 1 1970.82 2010.31 -18.5 13.1 31.6 70.0 0.4 4.6 

09N04E22E001M 2 1969.9 2007.83 2.9 15.1 12.2 162.0 1.9 2.8 

09N05E14B001M 3 1980.77 2010.57 -49.6 -20.8 28.8 61.0 24.0 24.7 

09N05E25J001M 2 1977.5 2010.7 -45.7 -7.4 38.3 346.0 18.3 19.4 

09N05E28K001M 2 1970.21 2010.57 -37.4 -4.8 32.6 81.0 20.4 21.4 

10N01E26E003M 2 1970.26 2010.32 -20.2 55.5 75.7 86.0 15.7 19.5 

10N01E33L002M 2 1972.55 2010.3 2.0 74.6 72.6 88.0 -0.3 13.6 

10N02E08E001M 2 1970.84 2010.32 -20.2 51.5 71.7 82.0 5.9 12.2 

10N04E27R002M 5 1996.77 2010.67 -32.5 -16.0 16.5 110.0 26.1 26.3 

10N04E27R003M 4 1996.77 2010.67 -6.1 7.1 13.2 111.0 -0.6 2.2 

10N04E27R004M 2 1996.77 2010.67 6.7 18.2 11.5 111.0 -10.9 11.3 
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State Well Number 
SACFEM 2013 Model 

Layer 
Earliest Year with 

Measured Data 
Latest Year with 
Measured Data 

Minimum Measured 
Groundwater Elevation  

(feet NAVD88) 

Maximum Measured 
Groundwater Elevation  

(feet NAVD88) 

Range in Measured 
Groundwater Elevation 

(feet) 
Number of 

Measurements 
Mean Error 

(feet) 
Root Mean Squared Error 

(feet) 

10N04E31M001M 5 1997.19 2010.67 -18.5 -9.9 8.6 109.0 22.8 23.0 

10N04E31M002M 4 1997.52 2010.67 -8.4 4.9 13.3 106.0 9.5 9.7 

10N04E31M003M 3 1997.52 2010.67 2.4 15.1 12.7 106.0 1.9 2.9 

10N04E31M004M 2 1997.52 2010.67 5.2 13.7 8.5 106.0 2.0 2.7 

10N05E05E001M 2 1970.21 2010.57 -39.2 -13.2 26.0 80.0 18.6 19.4 

10N05E22G001M 3 1969.87 1995.36 -43.1 4.4 47.5 283.0 9.9 12.8 

10N06E05H001M 2 1969.9 2010.7 -17.7 28.2 45.9 450.0 -3.2 8.2 

11N01E03E001M 2 1970.21 2010.25 -21.7 37.1 58.8 118.0 -1.6 10.8 

11N02E20K004M 2 1970.23 2010.67 -20.1 37.3 57.4 405.0 -5.4 8.6 

11N03E15C001M 1 1970.22 2010.67 7.5 32.2 24.7 123.0 3.7 5.5 

11N03E20H003M 2 1970.23 2010.55 14.0 29.3 15.3 83.0 2.5 4.7 

11N04E04N001M 7 1994.02 2010.71 -8.6 15.1 23.7 209.0 -2.2 4.2 

11N04E04N002M 3 1994.1 2010.71 4.4 27.2 22.8 208.0 -13.2 13.6 

11N04E04N003M 2 1994.1 2010.71 11.6 28.7 17.1 208.0 -11.2 11.5 

11N06E15C004M 1 1970.23 2008.77 33.3 62.7 29.4 147.0 -40.6 42.2 

12N01E06D002M 5 1997.77 2010.73 -7.0 28.7 35.8 95.0 10.4 12.2 

12N01E06D003M 4 1997.77 2010.73 -29.3 29.2 58.5 94.0 15.7 20.6 

12N01E06D004M 3 1997.77 2010.73 -11.6 29.6 41.2 95.0 8.5 11.4 

12N01E16A001M 5 1997.77 2010.73 -14.9 28.4 43.3 85.0 11.0 13.6 

12N01E16A002M 3 1997.77 2010.73 -15.1 29.9 45.1 86.0 16.0 20.5 

12N01E26A001M 4 1996.85 2010.73 -18.6 21.1 39.7 103.0 19.6 21.7 

12N01E26A002M 3 1996.85 2010.73 -21.5 23.0 44.5 104.0 21.0 24.0 

12N01E26A003M 2 1996.85 2010.73 -0.3 22.6 22.9 104.0 14.1 15.3 

12N02E23K001M 6 1969.78 2009.95 15.5 20.9 5.4 93.0 4.1 4.7 

12N04E03N002M 7 1996.77 2010.67 -6.5 44.7 51.2 113.0 -13.8 16.1 

12N04E03N003M 6 1996.77 2010.67 -1.5 41.3 42.8 112.0 -11.1 13.7 

12N04E03N004M 2 1996.77 2010.67 10.1 45.0 34.9 113.0 -18.7 19.7 

12N04E05R004M 1 1970.22 2010.71 -0.3 37.7 38.0 398.0 -9.0 10.5 

12N04E26J002M 7 1996.77 2010.67 -17.8 24.4 42.2 114.0 -5.3 9.1 

12N04E26J003M 5 1996.77 2010.67 -17.5 24.6 42.1 113.0 -7.2 9.9 
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State Well Number 
SACFEM 2013 Model 

Layer 
Earliest Year with 

Measured Data 
Latest Year with 
Measured Data 

Minimum Measured 
Groundwater Elevation  

(feet NAVD88) 

Maximum Measured 
Groundwater Elevation  

(feet NAVD88) 

Range in Measured 
Groundwater Elevation 

(feet) 
Number of 

Measurements 
Mean Error 

(feet) 
Root Mean Squared Error 

(feet) 

12N04E26J004M 2 1996.77 2010.67 2.6 38.3 35.8 114.0 -21.4 22.6 

12N05E01D002M 2 1970.21 2010.57 49.6 77.3 27.7 91.0 -32.6 35.2 

12N05E06R001M 1 1970.21 2010.57 -7.5 52.5 60.0 86.0 -22.4 24.8 

12N05E12Q001M 1 1969.83 2007.68 22.8 73.0 50.2 446.0 -24.7 31.4 

12N05E17A002M 1 1970.21 2010.7 -1.9 41.4 43.3 402.0 -13.9 16.9 

12N06E27D002M 3 1969.9 2003.83 39.4 95.0 55.6 160.0 -6.6 22.3 

13N01E11A001M 2 1970.19 2010.59 18.7 31.8 13.1 98.0 5.2 6.0 

13N01E12J002M 2 1970.22 2010.67 23.8 32.8 9.0 135.0 6.3 6.9 

13N01E32K001M 4 1997.77 2010.73 -24.7 23.3 48.0 94.0 23.7 27.0 

13N01E32K002M 3 1997.77 2010.73 -13.1 20.4 33.5 94.0 20.4 21.9 

13N02W04G001M 3 1969.81 2010.59 38.1 120.0 81.9 449.0 -17.5 32.4 

13N02W04G004M 1 1978.45 2010.59 97.3 148.0 50.7 239.0 -51.3 53.7 

13N02W15J001M 2 1975.25 2010.59 31.0 111.9 80.9 215.0 -27.8 34.8 

13N02W22H001M 1 1970.21 2010.27 106.8 176.0 69.2 77.0 -61.3 63.3 

13N04E07L001M 3 1996.3 2010.72 26.1 39.7 13.6 115.0 -2.3 3.1 

13N04E23A002M 1 1970.22 2010.57 15.0 57.9 42.9 99.0 -8.6 12.5 

13N04E36E001M 1 1969.79 1995.47 -25.9 43.4 69.3 199.0 -10.0 16.0 

13N05E06R004M 4 1996.3 2010.72 27.5 61.9 34.4 116.0 3.2 6.3 

14N01W03L002M 3 1970.19 1983.76 -21.1 40.8 61.9 84.0 -10.8 16.6 

14N01W04K003M 1 1970.19 2010.59 25.8 36.2 10.4 96.0 -26.0 28.2 

14N02W16N002M 1 1969.81 1988.19 46.5 87.8 41.3 142.0 13.3 16.1 

14N02W29J001M 5 1970.82 2010.59 57.5 107.2 49.7 225.0 -33.2 38.2 

14N03E05C001M 1 1970.21 2004.8 3.1 42.5 39.4 66.0 -5.0 7.6 

14N03E17A003M 2 1970.23 2010.58 2.0 38.1 36.1 345.0 -0.8 4.2 

14N03W11A001M 4 1970.21 2010.59 48.5 107.6 59.1 95.0 -5.1 16.3 

14N04E30N003M 2 1995.74 2010.72 4.7 33.4 28.7 152.0 4.0 6.6 

15N01E16R001M 3 1969.78 2003.22 29.7 40.3 10.6 72.0 -2.7 6.4 

15N01W05G001M 1 1976.19 2010.59 26.2 47.6 21.4 88.0 -6.7 9.0 

15N02E35D001M 3 1970.24 2010.57 31.5 44.7 13.2 87.0 -11.8 13.5 

15N03E05D002M 2 1970.22 2004.21 30.7 58.7 28.0 63.0 -14.8 15.6 
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State Well Number 
SACFEM 2013 Model 

Layer 
Earliest Year with 

Measured Data 
Latest Year with 
Measured Data 

Minimum Measured 
Groundwater Elevation  

(feet NAVD88) 

Maximum Measured 
Groundwater Elevation  

(feet NAVD88) 

Range in Measured 
Groundwater Elevation 

(feet) 
Number of 

Measurements 
Mean Error 

(feet) 
Root Mean Squared Error 

(feet) 

15N03E15H004M 2 1970.22 2010.67 32.0 46.7 14.7 137.0 0.7 2.4 

15N04E13A001M 2 1970.8 2010.59 13.4 88.1 74.6 90.0 21.4 28.2 

15N04E16G002M 3 1996.29 2010.72 31.1 59.1 28.0 114.0 4.8 5.9 

15N04E27A001M 4 1970.23 2006.28 -13.5 61.4 74.9 82.0 28.4 34.2 

16N01W20F001M 1 1970.19 2010.59 24.7 55.7 31.0 114.0 16.1 17.1 

16N02E26Q001M 1 1970.22 2010.58 39.3 60.9 21.6 91.0 -17.4 18.5 

16N02W25B002M 2 1969.88 2010.59 28.1 51.4 23.3 335.0 -3.8 5.6 

16N03E21D002M 1 1970.22 2010.58 44.6 69.1 24.5 115.0 -16.4 17.0 

16N03W07Q001M 1 1975.25 2010.59 105.7 111.3 5.6 90.0 -11.4 11.7 

16N03W35N002M 4 1970.19 2010.22 60.6 70.5 9.9 97.0 0.8 5.0 

16N04E17R002M 2 1988.84 2010.69 37.1 79.4 42.3 122.0 -2.2 8.0 

16N04E22B001M 3 1995.74 2010.72 41.9 85.1 43.2 154.0 10.0 13.2 

17N01E10A001M 2 1970.22 2010.59 28.1 60.7 32.6 124.0 4.9 7.1 

17N01E17F001M 2 1992.89 2010.59 51.9 59.8 7.9 69.0 5.8 8.2 

17N01E17F002M 3 1992.89 2010.59 51.9 62.6 10.7 69.0 3.5 5.8 

17N01E17F003M 5 1992.89 2010.59 51.6 62.3 10.7 69.0 3.1 5.0 

17N02E14A001M 1 1970.22 2010.69 56.2 84.2 28.0 140.0 -16.6 18.3 

17N02W09H002M 5 2004.06 2010.59 24.4 68.7 44.4 64.0 10.9 16.5 

17N02W09H003M 4 2004.06 2010.59 11.1 68.0 56.9 63.0 11.8 21.0 

17N02W09H004M 2 2004.06 2010.59 53.4 67.3 13.9 64.0 2.2 4.2 

17N03E03D001M 1 1970.22 2010.59 61.9 89.8 27.9 139.0 3.4 5.2 

17N03E05C001M 1 1970.22 2002.79 75.6 95.6 20.0 105.0 -13.0 13.7 

17N03E16N001M 2 1970.22 2010.69 66.4 82.6 16.2 141.0 -15.8 16.7 

17N03W08R001M 2 1975.25 2010.59 86.6 98.1 11.5 139.0 4.1 5.0 

17N03W10C001M 1 1970.19 2010.59 85.9 93.3 7.4 226.0 -4.8 5.5 

17N04E30R001M 4 1970.21 2010.69 -26.4 82.4 108.8 129.0 4.2 10.6 

18N01E13M001M 2 1970.23 2002.79 61.1 75.5 14.4 90.0 1.9 4.7 

18N01E17D001M 1 1970.21 2001.56 63.8 71.6 7.8 80.0 5.5 11.6 

18N01W17G001M 1 1970.21 2010.22 50.4 79.4 29.0 137.0 13.3 14.7 

18N01W22L001M 2 1970.21 2009.81 32.0 70.2 38.2 136.0 5.5 11.5 
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State Well Number 
SACFEM 2013 Model 

Layer 
Earliest Year with 

Measured Data 
Latest Year with 
Measured Data 

Minimum Measured 
Groundwater Elevation  

(feet NAVD88) 

Maximum Measured 
Groundwater Elevation  

(feet NAVD88) 

Range in Measured 
Groundwater Elevation 

(feet) 
Number of 

Measurements 
Mean Error 

(feet) 
Root Mean Squared Error 

(feet) 

18N01W35K001M 1 1970.19 2001.78 58.4 62.2 3.8 86.0 7.2 11.9 

18N02E16F001M 1 1970.76 2010.59 74.2 79.1 4.9 138.0 4.3 7.1 

18N02E32Q002M 1 1970.23 2002.79 69.3 74.8 5.5 267.0 -2.3 6.2 

18N02W18D001M 6 2007.33 2010.59 77.1 81.7 4.6 17.0 4.8 5.1 

18N02W18D002M 5 2007.33 2010.59 73.7 78.5 4.8 17.0 7.9 7.9 

18N02W18D003M 4 2007.33 2010.59 74.3 78.6 4.3 18.0 6.7 6.8 

18N02W18D004M 2 2007.33 2010.59 40.5 77.4 36.9 17.0 24.2 27.8 

18N02W18K001M 2 1975.25 2010.59 -27.8 78.2 106.0 63.0 13.1 32.0 

18N02W36B001M 1 1970.19 2010.59 60.5 73.2 12.7 100.0 0.8 3.3 

18N03E05K001M 1 1970.22 2002.79 89.3 106.3 17.0 104.0 9.9 10.3 

18N03E18F001M 5 1970.22 2010.59 86.2 98.6 12.4 139.0 -4.8 6.3 

18N03E21G001M 1 1970.22 2010.59 80.5 96.9 16.4 140.0 -0.2 3.5 

18N03W10L001M 1 1969.88 2010.59 89.5 95.6 6.1 222.0 1.1 3.1 

18N04E16C001M 3 1970.22 2010.59 93.3 136.3 43.0 135.0 -11.3 16.5 

18N04W12A001M 1 1970.21 2010.22 98.9 129.0 30.1 124.0 -7.1 12.4 

18N04W23F001M 7 1970.21 2010.59 128.0 149.0 21.0 130.0 7.8 11.9 

19N01E09Q001M 2 1991.66 2010.59 48.1 92.6 44.5 93.0 5.1 10.0 

19N01E27Q001M 4 1978.39 2010.59 60.1 86.8 26.7 172.0 -1.3 5.0 

19N01W15D001M 1 1970.21 2010.59 66.8 89.7 22.9 142.0 9.7 12.8 

19N02W13J001M 1 1969.88 2010.59 73.6 88.3 14.7 223.0 6.2 7.3 

19N02W29Q001M 2 1970.21 2010.59 77.5 92.4 14.9 130.0 -2.5 4.3 

19N02W36H001M 1 1970.21 2010.59 70.6 83.9 13.3 130.0 -1.1 3.9 

19N03W26P001M 3 1974.19 2010.59 91.6 102.3 10.7 122.0 -3.1 4.7 

19N04W12E001M 4 1969.88 2010.59 63.5 170.0 106.5 355.0 -5.6 25.6 

20N01E10C002M 2 1973.26 2010.59 70.3 126.8 56.5 130.0 0.0 9.2 

20N01E18L001M 6 2000.12 2010.59 99.8 113.8 13.9 102.0 -3.8 4.3 

20N01E18L002M 5 2001.89 2010.59 100.8 108.0 7.1 75.0 -2.1 2.9 

20N01E18L003M 2 2001.89 2010.59 103.5 108.1 4.5 74.0 -3.1 3.7 

20N01E35C001M 1 1970.23 2010.59 93.8 101.0 7.2 137.0 4.2 4.6 

20N02E06Q001M 4 1970.23 2010.59 97.6 134.3 36.7 141.0 6.7 8.9 
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State Well Number 
SACFEM 2013 Model 

Layer 
Earliest Year with 

Measured Data 
Latest Year with 
Measured Data 

Minimum Measured 
Groundwater Elevation  

(feet NAVD88) 

Maximum Measured 
Groundwater Elevation  

(feet NAVD88) 

Range in Measured 
Groundwater Elevation 

(feet) 
Number of 

Measurements 
Mean Error 

(feet) 
Root Mean Squared Error 

(feet) 

20N02E07H001M 3 1990.84 1997.84 91.1 128.7 37.6 99.0 4.6 6.2 

20N02E24C001M 2 2000.01 2010.59 105.8 130.6 24.8 81.0 15.5 16.0 

20N02E24C002M 5 2000.01 2010.59 105.9 130.6 24.7 84.0 16.2 16.6 

20N02E24C003M 7 2000.01 2010.59 105.6 130.7 25.1 85.0 18.1 18.5 

20N02E28N001M 1 1969.89 2010.59 112.8 121.6 8.8 400.0 -5.4 7.0 

20N02W02J001M 1 1970.21 2010.59 114.8 125.6 10.8 131.0 1.5 3.9 

20N02W11A001M 1 1976.88 2010.59 110.4 124.6 14.2 633.0 -1.7 4.5 

20N02W11A002M 2 1978.24 2010.59 91.2 121.4 30.2 313.0 0.2 4.2 

20N02W11A003M 4 1978.24 2010.59 75.1 123.1 48.0 320.0 3.7 6.5 

20N02W29G001M 1 1969.88 2010.59 110.4 116.7 6.3 161.0 -2.3 4.5 

21N01E05G001M 2 1969.98 1997.56 113.5 144.9 31.4 116.0 -3.3 4.3 

21N01E12K001M 4 1970.23 2010.52 81.1 165.2 84.1 108.0 15.7 21.7 

21N01E27D001M 1 1970.23 2010.59 87.0 132.1 45.2 169.0 0.1 9.1 

21N01W04N001M 1 1970.21 2010.59 106.6 129.2 22.6 152.0 9.1 9.6 

21N01W23J001M 1 1970.23 2010.59 104.2 120.2 16.0 168.0 0.5 3.1 

21N01W24B001M 6 1995.29 2010.59 96.0 127.4 31.4 122.0 1.0 4.9 

21N02E26F001M 7 1970.23 2008.19 102.0 146.7 44.7 119.0 27.0 29.9 

21N02W05M001M 4 2002.41 2010.59 117.3 167.8 50.5 95.0 -3.6 6.4 

21N02W05M002M 2 2002.41 2010.59 133.5 181.1 47.6 96.0 -11.8 13.3 

21N02W05M004M 1 2002.41 2006.89 159.1 178.4 19.3 63.0 -12.1 12.6 

21N02W09M002M 2 1970.21 2010.23 118.3 172.0 53.7 128.0 -8.7 12.8 

21N02W23G001M 2 1970.21 2010.59 107.4 147.9 40.5 149.0 -5.5 7.9 

21N02W31M001M 2 1970.21 2010.23 94.7 155.5 60.8 126.0 -8.4 13.4 

21N03W31R002M 3 1969.81 2008.19 68.2 166.1 97.9 488.0 30.0 40.2 

21N03W31R004M 2 1969.81 2008.19 76.3 166.9 90.6 480.0 32.3 42.6 

21N03W31R005M 1 1969.81 2008.19 92.4 166.0 73.6 482.0 30.3 39.4 

21N03W33A004M 5 1970.21 2010.27 99.3 169.0 69.7 75.0 9.3 22.0 

22N01E09J002M 1 1970.23 2002.79 133.8 165.4 31.6 91.0 -1.8 13.8 

22N01E20K001M 1 1969.89 2010.59 112.5 154.9 42.4 229.0 -3.2 9.4 

22N01E28J001M 6 1972.24 2010.59 115.0 162.2 47.2 326.0 -1.5 10.5 
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State Well Number 
SACFEM 2013 Model 

Layer 
Earliest Year with 

Measured Data 
Latest Year with 
Measured Data 

Minimum Measured 
Groundwater Elevation  

(feet NAVD88) 

Maximum Measured 
Groundwater Elevation  

(feet NAVD88) 

Range in Measured 
Groundwater Elevation 

(feet) 
Number of 

Measurements 
Mean Error 

(feet) 
Root Mean Squared Error 

(feet) 

22N01E28J003M 3 1971.99 2010.59 122.1 164.4 42.3 329.0 -2.8 7.5 

22N01E28J005M 7 1971.99 2010.59 116.1 160.2 44.1 330.0 3.7 12.0 

22N01E29R001M 6 1970.23 2010.59 106.5 156.4 49.9 137.0 -5.4 10.3 

22N01E33N001M 1 1994.28 1997.54 121.4 150.5 29.1 19.0 -0.5 10.1 

22N01E33N002M 3 1994.28 1997.54 105.8 143.4 37.6 19.0 2.6 4.8 

22N01W05M001M 2 1970.23 2010.59 115.4 148.3 32.9 117.0 3.4 6.4 

22N02E17E001M 6 1971.19 2003.57 138.5 256.0 117.5 140.0 57.1 60.4 

22N02W08B002M 2 1969.88 2010.59 117.1 201.6 84.5 211.0 9.4 17.5 

22N02W20Q001M 1 1973.8 2010.59 165.4 198.2 32.8 146.0 -8.0 9.4 

22N02W21D001M 1 1970.21 2010.59 145.8 191.2 45.4 122.0 3.3 8.7 

22N02W30H002M 6 2004.39 2010.59 86.3 140.8 54.5 48.0 46.7 48.3 

22N02W30H003M 2 2004.39 2010.59 144.5 193.1 48.6 47.0 0.3 8.9 

22N02W30H004M 1 2004.39 2010.59 183.5 195.5 12.0 46.0 -11.2 11.4 

22N02W36D001M 2 1970.21 2010.59 128.3 162.0 33.7 150.0 -2.8 6.2 

22N03W21F002M 2 1977.49 2010.59 223.1 253.9 30.8 321.0 -19.2 20.2 

23N01E29P001M 1 1969.89 1990.18 141.3 192.0 50.7 129.0 -12.7 19.7 

23N01E29P002M 2 1991.18 2010.59 129.8 164.9 35.1 97.0 33.9 35.2 

23N01W09E001M 1 1970.23 2010.59 131.9 170.1 38.2 293.0 20.0 21.7 

23N01W14R002M 2 1986.17 2010.59 137.9 171.1 33.2 116.0 26.6 27.3 

23N02W16B001M 2 1970.22 2010.22 114.5 170.8 56.3 93.0 31.9 33.5 

24N02W12P001M 3 1999.99 2010.59 194.4 202.9 8.6 62.0 13.1 13.6 

24N02W12P002M 6 1999.99 2010.59 194.6 202.9 8.3 62.0 21.5 21.6 

24N02W30P002M 3 1993.21 2010.22 111.9 196.0 84.1 56.0 33.9 38.1 

24N03W17M001M 1 1973.18 2010.59 236.0 286.4 50.4 144.0 5.4 11.3 

25N02W09G001M 1 1973.19 2010.59 219.0 234.4 15.4 176.0 6.9 7.7 

25N03W10L003M 4 1969.89 2010.59 179.7 248.5 68.8 344.0 19.6 23.1 

25N03W10L004M 2 1969.89 2010.59 236.6 269.1 32.5 321.0 -10.8 12.0 

27N03W10B001M 1 1970.55 2010.59 243.1 269.3 26.2 331.0 6.5 7.1 

27N03W20K001M 2 1969.84 1975.25 249.6 257.4 7.8 34.0 7.0 7.5 

27N04W35E001M 2 1970.23 2010.59 297.3 337.7 40.4 133.0 -21.9 23.9 
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APPENDIX D SACFEM2013.FEB FILE 

rem************************************************************* 

rem          BEGIN SIMULATION           

rem************************************************************* 

LOAD 

  h1=zero.par 

  h2=zero.par 

  h3=zero.par 

  h4=zero.par 

  h5=zero.par 

  h6=zero.par 

  h7=zero.par 

  q1=zero.par 

  q2=zero.par 

  q3=zero.par 

  q4=zero.par 

  q5=zero.par 

  q6=zero.par   

  q7=zero.par   

rem**********assign Transmissivity Values********** 

LOAD 

x3=SACFEM_v2_Kh_1_mpd_120313.par 

x4=SACFEM_v2_Kh_2-5_mpd_120313.par 

x5=SACFEM_v2_Kh_6-7_mpd_120313.par 

EVAL 

t1=mt1*x3 

t2=mt2*x4 

t3=mt3*x4 

t4=mt4*x4 

t5=mt5*x4 

t6=mt6*x5 

t7=mt7*x5 

SAVE 

t1=Trans.t1 

t2=Trans.t2 

t3=Trans.t3 

ES100814162520RDD D-1 



APPENDIX D SACFEM2013.FEB FILE 

t4=Trans.t4 

t5=Trans.t5 

t6=Trans.t6 

t7=Trans.t7 

rem**********assign vertical resistance values ********** 

LOAD 

x6=SACFEM_v2_KhKv_Ratio_500.par 

EVAL 

c2=50*mt1^2/2/t1+x6*mt2^2/2/t2 

c3=x6*mt2^2/2/t2+x6*mt3^2/2/t3  

c4=x6*mt3^2/2/t3+x6*mt4^2/2/t4  

c5=x6*mt4^2/2/t4+x6*mt5^2/2/t5  

c6=x6*mt5^2/2/t5+x6*mt6^2/2/t6  

c7=x6*mt6^2/2/t6+x6*mt7^2/2/t7  

rem**********load extra register files ********** 

LOAD 

x1=SACFEM_v2_GSE_Combined_mNAVD88_120313.par 

x8=SACFEM_v2_WL1_042314.par 

rem**********open ftq files********** 

LOAD 

lb=SACFEM_v2_all.lb 

open-q all=all.ftq upper=1 lower=7 

rem**********open ftq files for Water Budget Areas********** 

LOAD 

lb=SACFEM_v2_WBAs_121013.lb 

open-q 

WBA_2=WBA_2.ftq upper=1 lower=7 

WBA_3=WBA_3.ftq upper=1 lower=7 

WBA_4=WBA_4.ftq upper=1 lower=7 

WBA_5=WBA_5.ftq upper=1 lower=7 

WBA_6=WBA_6.ftq upper=1 lower=7 

WBA_9=WBA_9.ftq upper=1 lower=7 

WBA_10=WBA_10.ftq upper=1 lower=7 

WBA_11=WBA_11.ftq upper=1 lower=7 

WBA_12=WBA_12.ftq upper=1 lower=7 
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WBA_13=WBA_13.ftq upper=1 lower=7 

WBA_14=WBA_14.ftq upper=1 lower=7 

WBA_16=WBA_16.ftq upper=1 lower=7 

WBA_18=WBA_18.ftq upper=1 lower=7 

WBA_19=WBA_19.ftq upper=1 lower=7 

WBA_20=WBA_20.ftq upper=1 lower=7 

WBA_21=WBA_21.ftq upper=1 lower=7 

WBA_22=WBA_22.ftq upper=1 lower=7 

WBA_23=WBA_23.ftq upper=1 lower=7 

WBA_24=WBA_24.ftq upper=1 lower=7 

WBA_25=WBA_25.ftq upper=1 lower=7 

WBA_27=WBA_27.ftq upper=1 lower=7 

WBA_07N=WBA_07N.ftq upper=1 lower=7 

WBA_07S=WBA_07S.ftq upper=1 lower=7 

WBA_08N=WBA_08N.ftq upper=1 lower=7 

WBA_08NS=WBA_08NS.ftq upper=1 lower=7 

WBA_08S=WBA_08S.ftq upper=1 lower=7 

WBA_15N=WBA_15N.ftq upper=1 lower=7 

WBA_15S=WBA_15S.ftq upper=1 lower=7 

WBA_17N=WBA_17N.ftq upper=1 lower=7 

WBA_17S=WBA_17S.ftq upper=1 lower=7 

WBA_26N=WBA_26N.ftq upper=1 lower=7 

WBA_26S=WBA_26S.ftq upper=1 lower=7 

no_WBA_North=no_WBA_North.ftq upper=1 lower=7 

no_WBA_South=no_WBA_South.ftq upper=1 lower=7 

rem**********open ftq files for streams********** 

LOAD 

lb=SACFEM_v2_Streams_FTQ_042314.lb 

open-q 

AMERICAN_RIV=AMERICAN_RIV.ftq upper=1 lower=1 

ANTELOPE_CR=ANTELOPE_CR.ftq upper=1 lower=1 

AUBURN_RAVINE=AUBURN_RAVINE.ftq upper=1 lower=1 

BEAR_RIV=BEAR_RIV.ftq upper=1 lower=1 

BIG_CHICO_CR=BIG_CHICO_CR.ftq upper=1 lower=1 

BLACK_BUTTE_RESERVOIR=BLACK_BUTTE_RESERVOIR.ftq upper=1 lower=1 

ES100814162520RDD 3 OF 7 



APPENDIX D SACFEM2013.FEB FILE 

BUTTE_BYPASS=BUTTE_BYPASS.ftq upper=1 lower=1 

BUTTE_CR=BUTTE_CR.ftq upper=1 lower=1 

CACHE_CR=CACHE_CR.ftq upper=1 lower=1 

COLUSA_BD=COLUSA_BD.ftq upper=1 lower=1 

CONSUMNES_RIV=CONSUMNES_RIV.ftq upper=1 lower=1 

COON_CR=COON_CR.ftq upper=1 lower=1 

CORTINA_CR=CORTINA_CR.ftq upper=1 lower=1 

DEER_CR_BUTTECO=DEER_CR_BUTTECO.ftq upper=1 lower=1 

DEER_CR_CONSUMNES=DEER_CR_CONSUMNES.ftq upper=1 lower=1 

DRY_CR_PUTAH=DRY_CR_PUTAH.ftq upper=1 lower=1 

DRY_CR_YUBA=DRY_CR_YUBA.ftq upper=1 lower=1 

EASTSIDE_CROSS_CANAL=EASTSIDE_CROSS_CANAL.ftq upper=1 lower=1 

ELDER_CR=ELDER_CR.ftq upper=1 lower=1 

FEATHER_RIV=FEATHER_RIV.ftq upper=1 lower=1 

FRENCH_CR=FRENCH_CR.ftq upper=1 lower=1 

FRESHWATER_CR=FRESHWATER_CR.ftq upper=1 lower=1 

FUNKS_CR=FUNKS_CR.ftq upper=1 lower=1 

GCID_CANAL=GCID_CANAL.ftq upper=1 lower=1 

HONCUT_CR=HONCUT_CR.ftq upper=1 lower=1 

LITTLE_CHICO_CR=LITTLE_CHICO_CR.ftq upper=1 lower=1 

LURLINE_CR=LURLINE_CR.ftq upper=1 lower=1 

MILL_CR_BUTTECO=MILL_CR_BUTTECO.ftq upper=1 lower=1 

MILL_CR_THOMES=MILL_CR_THOMES.ftq upper=1 lower=1 

MOKELUMNE_RIV=MOKELUMNE_RIV.ftq upper=1 lower=1 

N_HONCUT_CR=N_HONCUT_CR.ftq upper=1 lower=1 

NF_WALKER_CR=NF_WALKER_CR.ftq upper=1 lower=1 

PAYNES_CR=PAYNES_CR.ftq upper=1 lower=1 

PUTAH_CR=PUTAH_CR.ftq upper=1 lower=1 

RD108_MAIN_DRAIN=RD108_MAIN_DRAIN.ftq upper=1 lower=1 

S_HONCUT_CR=S_HONCUT_CR.ftq upper=1 lower=1 

SACRAMENTO_RIV=SACRAMENTO_RIV.ftq upper=1 lower=1 

SALT_RIV=SALT_RIV.ftq upper=1 lower=1 

SAN_JOAQUIN_RIV=SAN_JOAQUIN_RIV.ftq upper=1 lower=1 

SAND_CR=SAND_CR.ftq upper=1 lower=1 

SEVENMILE_CR=SEVENMILE_CR.ftq upper=1 lower=1 
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SF_WILLOW_CR=SF_WILLOW_CR.ftq upper=1 lower=1 

SPRING_VALLEY_CR=SPRING_VALLEY_CR.ftq upper=1 lower=1 

STONE_CORRAL_CR=STONE_CORRAL_CR.ftq upper=1 lower=1 

STONEY_CR=STONEY_CR.ftq upper=1 lower=1 

SUTTER_BYPASS=SUTTER_BYPASS.ftq upper=1 lower=1 

SYCAMORE_SLOUGH_LOWER=SYCAMORE_SLOUGH_LOWER.ftq upper=1 lower=1 

SYCAMORE_SLOUGH_UPPER=SYCAMORE_SLOUGH_UPPER.ftq upper=1 lower=1 

THERMALITO=THERMALITO.ftq upper=1 lower=1 

THOMES_CR=THOMES_CR.ftq upper=1 lower=1 

WALKER_CR=WALKER_CR.ftq upper=1 lower=1 

WILKINS_SLOUGH_CANAL=WILKINS_SLOUGH_CANAL.ftq upper=1 lower=1 

WILLOW_CR=WILLOW_CR.ftq upper=1 lower=1 

WILSON_CR=WILSON_CR.ftq upper=1 lower=1 

YOLO_BYPASS=YOLO_BYPASS.ftq upper=1 lower=1 

YUBA_RIV=YUBA_RIV.ftq upper=1 lower=1 

********open fth for WDL wells******** 

load 

lb=SACFEM_v2_WDL_Wells.lb 

open-h 

^=WDL_Hydrographs.fth upper=1 lower=7 

********assign initial heads******** 

load 

h1=SACFEM_v2_09_86_Initial.h1 

h2=SACFEM_v2_09_86_Initial.h2 

h3=SACFEM_v2_09_86_Initial.h3 

h4=SACFEM_v2_09_86_Initial.h4 

h5=SACFEM_v2_09_86_Initial.h5 

h6=SACFEM_v2_09_86_Initial.h6 

h7=SACFEM_v2_09_86_Initial.h7 

 

 

rem********************************************** 

rem          BEGIN TRANSIENT SIMULATION           

rem********************************************** 
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rem*************assign mountain-front recharge********** 

LOAD 

lb =SACFEM_v2_VoidPolygons2013_v2.lb 

q1=zero.par 

q2=zero.par 

q3=zero.par 

q4=zero.par 

q5=zero.par 

q6=zero.par 

q7=zero.par 

EVAL 

x22=8071480 label=1 

x22=35050083 label=2 

x22=80605692 label=3 

x22=76028964 label=4 

x22=229983341 label=5 

x22=949454 label=6 

x22=3220633 label=7 

x22=111833985 label=8 

x22=897801 label=9 

x22=22812497 label=10 

x22=9639695 label=11 

x22=6424725 label=12 

x22=15522224 label=13 

x22=4100614 label=14 

x22=3571035 label=15 

x22=20167473 label=16 

x22=42791390 label=17 

x22=9736556 label=18 

x22=44503920 label=19 

x22=2034253 label=20 

x22=56249042 label=21 

x22=776695 label=22 

x22=7543586 label=23 
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x22=5209652 label=24 

x22=1555595 label=25 

x22=501520 label=26 

x22=17635217 label=27 

x22=5532887 label=28 

x22=2311739 label=29 

x22=2613399 label=30 

x22=12198098 label=31 

x22=2633584 label=32 

x22=43738528 label=33 

x22=57825106 label=34 

rem*************adjust mountain-front recharge********** 

LOAD 

x23=SACFEM_v2_MtnFront_L_Factor_2013_v2.par 

EVAL 

x22=p*0.030*0.50/31 label=1 

x22=p*0.030*0.50/31 label=2 

x22=p*0.030*0.50/31 label=3 

x22=p*0.030*0.50/31 label=4 

x22=p*0.030*0.50/31 label=5 

x22=p*0.030*1.00/31 label=6 

x22=p*0.030*1.00/31 label=7 

x22=p*0.030*1.00/31 label=8 

x22=p*0.030*1.00/31 label=9 

x22=p*0.030*1.00/31 label=10 

x22=p*0.030*1.00/31 label=11 

x22=p*0.030*1.00/31 label=12 

x22=p*0.030*1.00/31 label=13 

x22=p*0.030*1.50/31 label=14 

x22=p*0.030*1.50/31 label=15 

x22=p*0.030*1.50/31 label=16 

x22=p*0.030*0.50/31 label=17 

x22=p*0.030*0.50/31 label=18 

x22=p*0.030*1.50/31 label=19 

x22=p*0.030*1.00/31 label=20 
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x22=p*0.030*1.00/31 label=21 

x22=p*0.030*1.50/31 label=22 

x22=p*0.030*1.50/31 label=23 

x22=p*0.030*1.00/31 label=24 

x22=p*0.030*1.00/31 label=25 

x22=p*0.030*1.00/31 label=26 

x22=p*0.030*1.00/31 label=27 

x22=p*0.030*1.00/31 label=28 

x22=p*0.030*1.00/31 label=29 

x22=p*0.030*1.00/31 label=30 

x22=p*0.030*1.00/31 label=31 

x22=p*0.030*1.00/31 label=32 

x22=p*0.030*1.00/31 label=33 

x22=p*0.030*1.00/31 label=34 

q1=x22*x23*-1 

Save Q1=10_69.q1 

 

rem*************Normal/Wet Water Year********** 

LOAD 

storativity=SACFEM_v2.sto 

wl1=SACFEM_v2_WL1_042314.par 

dh1=SACFEM_v2_GSE_Combined_mNAVD88_120313.par 

PPN=10_69.ppn 

WH1=10_69.wh1 

WC1=10_69.wc1 

DC1=10_69.dc1 

Q1=10_69.q1 

Q2=10_69.q2 

Q3=10_69.q3 

Q4=10_69.q4 

 

TIME 

  days=31 

  steps=1 
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RUN 

  itmin=50 

  itmax=600 

  relax=0 

  error=0.005 

  m3error=1 

 

SAVE 

  h1=10_69.h1 

  h2=10_69.h2 

  h3=10_69.h3 

  h4=10_69.h4 

  h5=10_69.h5 

  h6=10_69.h6 

  h7=10_69.h7 

 

rem*************assign mountain-front recharge********** 

LOAD 

lb =SACFEM_v2_VoidPolygons2013_v2.lb 

q1=zero.par 

q2=zero.par 

q3=zero.par 

q4=zero.par 

q5=zero.par 

q6=zero.par 

q7=zero.par 

EVAL 

x22=8071480 label=1 

x22=35050083 label=2 

x22=80605692 label=3 

x22=76028964 label=4 

x22=229983341 label=5 

x22=949454 label=6 

x22=3220633 label=7 

x22=111833985 label=8 
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x22=897801 label=9 

x22=22812497 label=10 

x22=9639695 label=11 

x22=6424725 label=12 

x22=15522224 label=13 

x22=4100614 label=14 

x22=3571035 label=15 

x22=20167473 label=16 

x22=42791390 label=17 

x22=9736556 label=18 

x22=44503920 label=19 

x22=2034253 label=20 

x22=56249042 label=21 

x22=776695 label=22 

x22=7543586 label=23 

x22=5209652 label=24 

x22=1555595 label=25 

x22=501520 label=26 

x22=17635217 label=27 

x22=5532887 label=28 

x22=2311739 label=29 

x22=2613399 label=30 

x22=12198098 label=31 

x22=2633584 label=32 

x22=43738528 label=33 

x22=57825106 label=34 

rem*************adjust mountain-front recharge********** 

LOAD 

x23=SACFEM_v2_MtnFront_L_Factor_2013_v2.par 

EVAL 

x22=p*0.049*0.50/30 label=1 

x22=p*0.049*0.50/30 label=2 

x22=p*0.049*0.50/30 label=3 

x22=p*0.049*0.50/30 label=4 

x22=p*0.049*0.50/30 label=5 
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x22=p*0.049*1.00/30 label=6 

x22=p*0.049*1.00/30 label=7 

x22=p*0.049*1.00/30 label=8 

x22=p*0.049*1.00/30 label=9 

x22=p*0.049*1.00/30 label=10 

x22=p*0.049*1.00/30 label=11 

x22=p*0.049*1.00/30 label=12 

x22=p*0.049*1.00/30 label=13 

x22=p*0.049*1.50/30 label=14 

x22=p*0.049*1.50/30 label=15 

x22=p*0.049*1.50/30 label=16 

x22=p*0.049*0.50/30 label=17 

x22=p*0.049*0.50/30 label=18 

x22=p*0.049*1.50/30 label=19 

x22=p*0.049*1.00/30 label=20 

x22=p*0.049*1.00/30 label=21 

x22=p*0.049*1.50/30 label=22 

x22=p*0.049*1.50/30 label=23 

x22=p*0.049*1.00/30 label=24 

x22=p*0.049*1.00/30 label=25 

x22=p*0.049*1.00/30 label=26 

x22=p*0.049*1.00/30 label=27 

x22=p*0.049*1.00/30 label=28 

x22=p*0.049*1.00/30 label=29 

x22=p*0.049*1.00/30 label=30 

x22=p*0.049*1.00/30 label=31 

x22=p*0.049*1.00/30 label=32 

x22=p*0.049*1.00/30 label=33 

x22=p*0.049*1.00/30 label=34 

q1=x22*x23*-1 

Save Q1=11_69.q1 

 

rem*************Normal/Wet Water Year********** 

LOAD 

PPN=11_69.ppn 
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WH1=11_69.wh1 

WC1=11_69.wc1 

DC1=11_69.dc1 

Q1=11_69.q1 

Q2=11_69.q2 

Q3=11_69.q3 

Q4=11_69.q4 

 

TIME 

  days=30 

  steps=1 

 

RUN 

  itmin=50 

  itmax=600 

  relax=0 

  error=0.005 

  m3error=1 

 

SAVE 

  h1=11_69.h1 

  h2=11_69.h2 

  h3=11_69.h3 

  h4=11_69.h4 

  h5=11_69.h5 

  h6=11_69.h6 

  h7=11_69.h7 

 

rem*************assign mountain-front recharge********** 

LOAD 

lb =SACFEM_v2_VoidPolygons2013_v2.lb 

q1=zero.par 

q2=zero.par 

q3=zero.par 

q4=zero.par 
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q5=zero.par 

q6=zero.par 

q7=zero.par 

EVAL 

x22=8071480 label=1 

x22=35050083 label=2 

x22=80605692 label=3 

x22=76028964 label=4 

x22=229983341 label=5 

x22=949454 label=6 

x22=3220633 label=7 

x22=111833985 label=8 

x22=897801 label=9 

x22=22812497 label=10 

x22=9639695 label=11 

x22=6424725 label=12 

x22=15522224 label=13 

x22=4100614 label=14 

x22=3571035 label=15 

x22=20167473 label=16 

x22=42791390 label=17 

x22=9736556 label=18 

x22=44503920 label=19 

x22=2034253 label=20 

x22=56249042 label=21 

x22=776695 label=22 

x22=7543586 label=23 

x22=5209652 label=24 

x22=1555595 label=25 

x22=501520 label=26 

x22=17635217 label=27 

x22=5532887 label=28 

x22=2311739 label=29 

x22=2613399 label=30 

x22=12198098 label=31 

ES100814162520RDD 13 OF 7 



APPENDIX D SACFEM2013.FEB FILE 

x22=2633584 label=32 

x22=43738528 label=33 

x22=57825106 label=34 

rem*************adjust mountain-front recharge********** 

LOAD 

x23=SACFEM_v2_MtnFront_L_Factor_2013_v2.par 

EVAL 

x22=p*0.102*0.50/31 label=1 

x22=p*0.102*0.50/31 label=2 

x22=p*0.102*0.50/31 label=3 

x22=p*0.102*0.50/31 label=4 

x22=p*0.102*0.50/31 label=5 

x22=p*0.102*1.00/31 label=6 

x22=p*0.102*1.00/31 label=7 

x22=p*0.102*1.00/31 label=8 

x22=p*0.102*1.00/31 label=9 

x22=p*0.102*1.00/31 label=10 

x22=p*0.102*1.00/31 label=11 

x22=p*0.102*1.00/31 label=12 

x22=p*0.102*1.00/31 label=13 

x22=p*0.102*1.50/31 label=14 

x22=p*0.102*1.50/31 label=15 

x22=p*0.102*1.50/31 label=16 

x22=p*0.102*0.50/31 label=17 

x22=p*0.102*0.50/31 label=18 

x22=p*0.102*1.50/31 label=19 

x22=p*0.102*1.00/31 label=20 

x22=p*0.102*1.00/31 label=21 

x22=p*0.102*1.50/31 label=22 

x22=p*0.102*1.50/31 label=23 

x22=p*0.102*1.00/31 label=24 

x22=p*0.102*1.00/31 label=25 

x22=p*0.102*1.00/31 label=26 

x22=p*0.102*1.00/31 label=27 

x22=p*0.102*1.00/31 label=28 
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x22=p*0.102*1.00/31 label=29 

x22=p*0.102*1.00/31 label=30 

x22=p*0.102*1.00/31 label=31 

x22=p*0.102*1.00/31 label=32 

x22=p*0.102*1.00/31 label=33 

x22=p*0.102*1.00/31 label=34 

q1=x22*x23*-1 

Save Q1=12_69.q1 

 

rem*************Normal/Wet Water Year********** 

LOAD 

PPN=12_69.ppn 

WH1=12_69.wh1 

WC1=12_69.wc1 

DC1=12_69.dc1 

Q1=12_69.q1 

Q2=12_69.q2 

Q3=12_69.q3 

Q4=12_69.q4 

 

TIME 

  days=31 

  steps=1 

 

RUN 

  itmin=50 

  itmax=600 

  relax=0 

  error=0.005 

  m3error=1 

 

SAVE 

  h1=12_69.h1 

  h2=12_69.h2 

  h3=12_69.h3 
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  h4=12_69.h4 

  h5=12_69.h5 

  h6=12_69.h6 

  h7=12_69.h7 

 

rem*************assign mountain-front recharge********** 

LOAD 

lb =SACFEM_v2_VoidPolygons2013_v2.lb 

q1=zero.par 

q2=zero.par 

q3=zero.par 

q4=zero.par 

q5=zero.par 

q6=zero.par 

q7=zero.par 

EVAL 

x22=8540053 label=1 

x22=37478822 label=2 

x22=84904385 label=3 

x22=77394633 label=4 

x22=232419920 label=5 

x22=887594 label=6 

x22=3023540 label=7 

x22=105745704 label=8 

x22=867913 label=9 

x22=21415694 label=10 

x22=9077969 label=11 

x22=5757600 label=12 

x22=13543439 label=13 

x22=3414958 label=14 

x22=2899943 label=15 

x22=17517225 label=16 

x22=35852152 label=17 

x22=8297912 label=18 

x22=46602663 label=19 
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x22=2184550 label=20 

x22=59413680 label=21 

x22=798035 label=22 

x22=7919410 label=23 

x22=5539452 label=24 

x22=1670086 label=25 

x22=545398 label=26 

x22=19199301 label=27 

x22=6086705 label=28 

x22=2445877 label=29 

x22=2748554 label=30 

x22=13039352 label=31 

x22=2866293 label=32 

x22=51790487 label=33 

x22=55248914 label=34 

rem*************adjust mountain-front recharge********** 

LOAD 

x23=SACFEM_v2_MtnFront_L_Factor_2013_v2.par 

EVAL 

x22=p*0.142*0.50/31 label=1 

x22=p*0.142*0.50/31 label=2 

x22=p*0.142*0.50/31 label=3 

x22=p*0.142*0.50/31 label=4 

x22=p*0.142*0.50/31 label=5 

x22=p*0.142*1.00/31 label=6 

x22=p*0.142*1.00/31 label=7 

x22=p*0.142*1.00/31 label=8 

x22=p*0.142*1.00/31 label=9 

x22=p*0.142*1.00/31 label=10 

x22=p*0.142*1.00/31 label=11 

x22=p*0.142*1.00/31 label=12 

x22=p*0.142*1.00/31 label=13 

x22=p*0.142*1.50/31 label=14 

x22=p*0.142*1.50/31 label=15 

x22=p*0.142*1.50/31 label=16 
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x22=p*0.142*0.50/31 label=17 

x22=p*0.142*0.50/31 label=18 

x22=p*0.142*1.50/31 label=19 

x22=p*0.142*1.00/31 label=20 

x22=p*0.142*1.00/31 label=21 

x22=p*0.142*1.50/31 label=22 

x22=p*0.142*1.50/31 label=23 

x22=p*0.142*1.00/31 label=24 

x22=p*0.142*1.00/31 label=25 

x22=p*0.142*1.00/31 label=26 

x22=p*0.142*1.00/31 label=27 

x22=p*0.142*1.00/31 label=28 

x22=p*0.142*1.00/31 label=29 

x22=p*0.142*1.00/31 label=30 

x22=p*0.142*1.00/31 label=31 

x22=p*0.142*1.00/31 label=32 

x22=p*0.142*1.00/31 label=33 

x22=p*0.142*1.00/31 label=34 

q1=x22*x23*-1 

Save Q1=01_70.q1 

 

rem*************Normal/Wet Water Year********** 

LOAD 

PPN=01_70.ppn 

WH1=01_70.wh1 

WC1=01_70.wc1 

DC1=01_70.dc1 

Q1=01_70.q1 

Q2=01_70.q2 

Q3=01_70.q3 

Q4=01_70.q4 

 

TIME 

  days=31 

  steps=1 
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RUN 

  itmin=50 

  itmax=600 

  relax=0 

  error=0.005 

  m3error=1 

 

SAVE 

  h1=01_70.h1 

  h2=01_70.h2 

  h3=01_70.h3 

  h4=01_70.h4 

  h5=01_70.h5 

  h6=01_70.h6 

  h7=01_70.h7 

 

rem*************assign mountain-front recharge********** 

LOAD 

lb =SACFEM_v2_VoidPolygons2013_v2.lb 

q1=zero.par 

q2=zero.par 

q3=zero.par 

q4=zero.par 

q5=zero.par 

q6=zero.par 

q7=zero.par 

EVAL 

x22=8540053 label=1 

x22=37478822 label=2 

x22=84904385 label=3 

x22=77394633 label=4 

x22=232419920 label=5 

x22=887594 label=6 

x22=3023540 label=7 
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x22=105745704 label=8 

x22=867913 label=9 

x22=21415694 label=10 

x22=9077969 label=11 

x22=5757600 label=12 

x22=13543439 label=13 

x22=3414958 label=14 

x22=2899943 label=15 

x22=17517225 label=16 

x22=35852152 label=17 

x22=8297912 label=18 

x22=46602663 label=19 

x22=2184550 label=20 

x22=59413680 label=21 

x22=798035 label=22 

x22=7919410 label=23 

x22=5539452 label=24 

x22=1670086 label=25 

x22=545398 label=26 

x22=19199301 label=27 

x22=6086705 label=28 

x22=2445877 label=29 

x22=2748554 label=30 

x22=13039352 label=31 

x22=2866293 label=32 

x22=51790487 label=33 

x22=55248914 label=34 

rem*************adjust mountain-front recharge********** 

LOAD 

x23=SACFEM_v2_MtnFront_L_Factor_2013_v2.par 

EVAL 

x22=p*0.152*0.50/28 label=1 

x22=p*0.152*0.50/28 label=2 

x22=p*0.152*0.50/28 label=3 

x22=p*0.152*0.50/28 label=4 
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x22=p*0.152*0.50/28 label=5 

x22=p*0.152*1.00/28 label=6 

x22=p*0.152*1.00/28 label=7 

x22=p*0.152*1.00/28 label=8 

x22=p*0.152*1.00/28 label=9 

x22=p*0.152*1.00/28 label=10 

x22=p*0.152*1.00/28 label=11 

x22=p*0.152*1.00/28 label=12 

x22=p*0.152*1.00/28 label=13 

x22=p*0.152*1.50/28 label=14 

x22=p*0.152*1.50/28 label=15 

x22=p*0.152*1.50/28 label=16 

x22=p*0.152*0.50/28 label=17 

x22=p*0.152*0.50/28 label=18 

x22=p*0.152*1.50/28 label=19 

x22=p*0.152*1.00/28 label=20 

x22=p*0.152*1.00/28 label=21 

x22=p*0.152*1.50/28 label=22 

x22=p*0.152*1.50/28 label=23 

x22=p*0.152*1.00/28 label=24 

x22=p*0.152*1.00/28 label=25 

x22=p*0.152*1.00/28 label=26 

x22=p*0.152*1.00/28 label=27 

x22=p*0.152*1.00/28 label=28 

x22=p*0.152*1.00/28 label=29 

x22=p*0.152*1.00/28 label=30 

x22=p*0.152*1.00/28 label=31 

x22=p*0.152*1.00/28 label=32 

x22=p*0.152*1.00/28 label=33 

x22=p*0.152*1.00/28 label=34 

q1=x22*x23*-1 

Save Q1=02_70.q1 

 

rem*************Normal/Wet Water Year********** 

LOAD 
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PPN=02_70.ppn 

WH1=02_70.wh1 

WC1=02_70.wc1 

DC1=02_70.dc1 

Q1=02_70.q1 

Q2=02_70.q2 

Q3=02_70.q3 

Q4=02_70.q4 

 

TIME 

  days=28 

  steps=1 

 

RUN 

  itmin=50 

  itmax=600 

  relax=0 

  error=0.005 

  m3error=1 

 

SAVE 

  h1=02_70.h1 

  h2=02_70.h2 

  h3=02_70.h3 

  h4=02_70.h4 

  h5=02_70.h5 

  h6=02_70.h6 

  h7=02_70.h7 

 

<<THE LOOPING PORTION OF SACFEM2013.FEB CONTINUES FOLLOWING SIMILAR SYNTAX AS THE 
PRECEDING STRESS PERIODS THROUGH SEPTEMBER 2010.>>  
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A 
agricultural land, ES-4, ES-18, 1-7, 2-5, 2-43, 2-49, 2-50, 3.3-171, 3.4-4, 3.4-

17, 3.4-20, 3.4-23, 3.4-25, 3.4-26, 3.5-16, 3.5-35, 3.5-42, 3.8-5, 3.8-8, 3.8-14, 
3.8-16, 3.8-22, 3.8-31, 3.9-1, 3.9-3, 3.9-4, 3.9-6, 3.9-7, 3.9-8, 3.9-9, 3.9-10, 
3.9-20, 3.9-21, 3.9-22, 3.9-23, 3.9-24, 3.9-25, 3.9-26, 3.9-27, 3.9-28, 3.9-30, 
3.9-33, 3.9-35, 3.9-37, 3.9-38, 3.9-39, 3.9-40, 3.9-42, 3.9-43, 3.9-44, 3.9-45, 
3.9-46, 3.9-47, 3.9-48, 3.10-52, 3.10-54, 3.10-57, 3.11-1, 3.11-26, 3.11-27, 
3.11-28, 3.14-6, 3.14-9, 3.14-10, 3.14-11, 3.15-8, 3.17-6, 3.17-8, 3.17-9, 5-2 

air basin, 3.5-3, 3.5-16 
air quality, 3.5-1, 3.5-3, 3.5-10, 3.5-11, 3.5-14, 3.5-24, 3.5-25, 3.5-26, 3.5-27, 

3.5-28, 3.5-31, 3.5-37, 3.5-40, 3.5-42, 3.5-44, 3.5-45, 3.5-48, 3.6-6, 3.6-13, 
3.6-18, 5-2 

air quality management district, 3.5-11, 3.6-6 
Alameda County, 3.1-18, 3.1-21, 3.6-17, 3.7-3, 3.8-4, 3.12-4, 4-6 
alfalfa, ES-8, ES-9, ES-22, 2-4, 2-5, 2-6, 2-12, 2-53, 3.2-28, 3.4-4, 4-5, 3.4-18, 

3.4-19, 3.4-21, 3.4-23, 3.4-25, 3.8-14, 3.8-16, 3.8-26, 3.8-31, 3.8-33, 3.8-60, 
3.8-71, 3.10-10, 3.10-31, 3.10-33, 3.10-35, 3.10-36, 3.10-38, 3.10-39, 3.10-
49, 3.11-20 

American River, ES-6, 1-5, 2-12, 2-14, 2-19, 2-21, 2-23, 2-24, 2-25, 2-39, 2-41, 
3.1-11, 3.1-12, 3.1-14, 3.2-2, 3.2-4, 3.2-7, 3.2-16, 3.2-17, 3.2-33, 3.2-36, 3.2-
46, 3.2-53, 3.2-54, 3.2-65, 3.3-11, 3.3-12, 27, 110, 7-3, 7-12, 7-28, 7-41, 7-
42, 7-64, 3.8-3, 3.8-8, 3.8-11, 3.8-13, 3.10-26, 3.12-4, 3.13-7, 3.13-8, 3.13-9, 
3.13-10, 3.13-13, 3.14-2, 3.14-6, 3.14-8, 3.14-15, 3.14-18, 3.14-20, 3.14-24, 
3.15-4, 3.15-6, 3.15-24, 3.16-5, 3.16-6, 3.16-17, 3.17-1, 3.17-7, 3.17-8, 3.17-
13, 3.17-16, 3.17-19, 3.17-21 

Anderson-Cottonwood ID, see Anderson-Cottonwood Irrigation District  
Anderson-Cottonwood Irrigation District, ES-6, 1-62-14, 2-19, 2-22, 2-39, 2-41, 

3.3-9, 3.3-103, 3.3-106, 3.3-109, 3.3-172, 3.5-29, 3.5-31, 3.6-19 
aquatic habitat, 2-32, 3.7-22, 3.8-7, 3.8-11, 3.8-15, 3.8-25, 3.8-59, 3.8-66, 3.8-

68, 3.8-69, 3.8-79, 3.8-83 
aquatic resources, 2-6, 3.3-1, 3.7-27, 3.7-34, 3.7-45, 3.7-53, 3.7-59, 3.7-60 
Attainment, 3.5-8, 3.5-17, 3.5-18, 3.5-46 
Auburn Rancheria, 3.12-4, 3.12-5, 3.12-6, 3.12-14 
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B 
Banks Pumping Plant, ES-13, 2-21, 2-28, 2-29, 2-36, 2-44, 3.1-1, 3.1-13, 3.1-

15, 3.1-21, 3.1-23, 3.2-20, 3.2-21, 3.2-22, 3.2-24, 3.7-34, 3.7-45, 3.16-7, 
3.17-9, 4-5 

basin management objective, 3.3-6, 3.3-14, 3.3-15, 
Bay Area, ES-1, ES-2, ES-3, ES-5, 1-2, 1-3, 1-10, 1-19, 2-7, 2-8, 3.1-13, 3.5-11, 

3.5-13, 3.6-6, 3.6-17, 3.6-25, 3.8-20, 3.9-38, 5-1 
Bay-Delta Conservation Plan, 3.8-19 
BDCP, See Bay-Delta Conservation Plan 
Bear River, 2-27, 3.1-10, 3.2-1, 3.2-4, 3.2-7, 3.2-15, 3.2-33, 3.2-36, 3.2-46, 3.2-

53, 3.7-3, 3.7-10, 3.7-12, 3.7-26, 3.7-28, 3.7-31, 3.7-32, 3.7-33, 3.7-41, 3.7-
42, 3.7-43, 3.7-49, 3.7-50, 3.7-51, 3.7-59, 3.8-3, 3.8-46, 3.8-47, 3.8-48, 3.8-
49, 3.8-57, 3.8-58, 3.8-65, 3.8-78, 3.8-80, 3.8-81, 3.15-7, 3.15-24, 3.17-5, 
3.17-6, 3.17-7 

Bend Bridge, 3.17-4 
beneficial uses, ES-11, 1-14, 1-15, 1-16, 1-20, 2-13, 3.1-4, 3.1-14, 3.1-15, 3.1-

21, 3.2-1, 3.2-3, 3.2-6, 3.2-14, 3.2-26, 3.2-31, 3.2-34, 3.2-42, 3.2-44, 3.2-47, 
3.2-49, 3.2-50, 3.2-54, 3.2-58, 3.3-104, 3.7-34, 3.7-45, 3.7-53 

Berry Creek Rancheria, 3.12-4 
BIA, see Bureau of Indian Affairs 
biological opinion, ES-9, 1-12, 1-14, 2-9, 2-22, 2-35, 2-37, 3.1-3, 3.7-3, 3.7-4, 

3.7-5, 3.8-4, 4-4 
black tern, 3.8-24, 3.8-43, 3.8-71, 3.8-74, 3.8-76 
BLM, see Bureau of Land Management 
BMO, see basin management objective 
BO, see biological opinion 
boat launch, 3.14-5, 3.15-2, 3.15-3, 3.15-6, 3.15-15 
Browns Valley Irrigation District, ES-6, 2-15, 2-20, 2-25, 2-37, 2-39, 2-41, 3.1-

11, 3.2-14, 3.2-63, 3.15-6, 3.15-22, 3.17-6, 3.17-23 
Browns Valley ID, see Browns Valley Irrigation District 
Bureau of Indian Affairs, 3.12-1, 3.12-11, 3.12-12, 3.12-11, 3.12-12 
Bureau of Land Management, 3.14-1, 3.15-3, 3.15-7, 3.15-23, 
Bureau of Reclamation, ES-1, 1-1, 1-21, 2-55, 3.1-25, 3.2-63, 3.3-69, 3.5-7, 3.7-

65, 3.8-90, 3.8-91, 3.8-96, 3.12-1, 3.12-3, 3.12-13, 3.12-14, 3.15-3, 3.15-24, 
3.16-17, 3.17-4, 5-3, 5-4 

Butte Basin, 2-34, 3.8-9, 3.17-5 
Butte County, 3.1-9, 3.3-9, 3.3-12, 3.3-13, 3.3-170, 3.4-11, 3.4-25, 3.4-26, 3.5-

8, 3.5-11, 3.5-13, 3.5-16, 3.5-26, 3.5-27, 3.5-29, 3.5-31, 3.5-44, 3.5-46, 3.6-6, 
3.6-16, 3.8-20, 3.8-21, 3.8-90, 3.9-8, 3.9-12, 3.9-13, 3.9-33, 3.9-34, 3.9-45, 
3.9-48, 3.9-49, 3.10-6, 3.10-7, 3.10-34, 3.11-26, 3.12-4, 3.12-13, 3.13-9 

Butte Water District, ES-6, 2-15, 2-20, 2-26, 2-39, 2-41, 3.1-9, 3.3-109, 3.3-
110, 3.5-26, 3.5-27, 3.5-31, 3.5-32, 3.5-34, 3.5-35, 3.5-36, 3.6-19, 3.6-20, 
3.10-24 

Butte WD, See Butte Water District 
Buyer Service Area, ES-13, 2-28, 2-30, 2-44, 3.1-13, 3.1-20, 3.1-21, 3.4-24, 

3.4-25, 3.10-16, 3.10-48, 3.10-51, 3.10-52, 3.11-8, 3.11-27, 3.14-16 
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C 
CAA, See Clean Air Act 
CAAQS, See California Ambient Air Quality Standards 
California Air Resources Board, 3.5-4, 3.5-6, 3.5-8, 3.5-10, 3.5-11, 3.5-12, 3.5-

13, 3.5-14, 3.5-16, 3.5-17, 3.5-18, 3.5-23, 3.5-26, 3.5-35, 3.5-46, 3.6-5, 3.6-6, 
3.6-13, 3.6-14, 3.6-15, 3.6-16, 3.6-17, 3.6-25 

California Ambient Air Quality Standards, 3.5-10, 3.5-16, 3.5-18, 3.5-44, 3.5-
45 

California Aqueduct, 3.1-13, 3.2-9, 3.2-10, 3.2-24, 3.3-85, 3.3-86, 3.7-4, 3.17-9 
California Climate Change Center, 3.6-7, 3.6-26 
California Code of Regulations, 1-16, 2-2, 3.5-5, 3.5-13, 3.5-14, 3.5-15, 3.5-18, 

3.5-23, 3.5-46, 3.5-47, 3.6-6, 3.6-26, 3.7-23, 3.8-17, 3.8-17 
California Data Exchange Center, 3.2-11, 3.2-64, 3.7-21, 3.7-62, 3.8-36 
California Department of Finance, 3.10-54, 3.10-56, 3.10-57, 3.10-58, 3.11-29 
California Department of Fish and Wildlife, 1-16, 2-33, 3.7-17, 3.7-18, 3.7-23, 

3.7-35, 3.7-36, 3.7-37, 3.7-45, 3.7-53, 3.7-62, 3.8-5, 3.8-15, 3.8-17, 3.8-24, 
3.8-25, 3.8-26, 3.8-27, 3.8-39, 3.8-40, 3.8-75, 3.8-90, 3.15-3, 4-10 

California Department of Food and Agriculture, 3.10-3, 3.10-58 
California Department of Parks and Recreation, 3.2-13, 3.2-63, 3.2-64, 3.14-5, 

3.14-9, 3.14-24, 3.15-3, 3.15-4, 3.15-5, 3.15-6, 3.15-8, 3.15-10, 3.15-23, 
3.15-24, 3.17-7 

California Endangered Species Act, 3.7-4, 3.8-4 
California Energy Commission, 3.6-7, 3.6-9, 3.6-10, 3.6-11, 3.6-26 
California Environmental Quality Act, ES-1, ES-2, ES-7, ES-8, ES-12, ES-

13,1-1, 1-2, 1-14, 1-15, 1-17, 1-18, 1-20, 2-1, 2-2, 2-3, 2-5, 2-7, 2-37, 2-38, 
2-44, 3-1, 3.1-4, 3.3-1, 3.3-2, 3.3-5, 3.3-11, 3.5-25, 3.5-26, 3.5-27, 3.5-29, 
3.5-34, 3.5-38, 3.5-43, 3.5-46, 3.5-47, 3.5-48, 3.6-7, 3.6-16, 3.6-17, 3.6-25, 
3.6-27, 3.7-23, 3.7-24, 3.8-17, 3.8-39, 3.8-40, 3.11-18, 3.13-3, 3.13-14,3.16-
8, 4-1, 4-2, 4-3, 4-4, 5-1, 5-2, 5-3, 7-1, 7-3 

California Farmland Conservancy Program, 3.9-4, 3.9-5, 3.9-23, 3.9-25 
California Fish and Game Code, 3.8-4, 3.8-19, 3.8-40 
California Native Plant Protection Act, 3.8-4 
California Native Plant Society, 3.8-17 
California Natural Community Conservation Planning Act, 3.7-4, 3.8-4 
California Natural Diversity Database, 3.7-18, 3.7-22, 3.8-5, 3.8-22, 3.8-25, 3.8-

29, 3.8-38, 3.8-39, 3.8-90 
California Porter-Cologne Water Quality Act, 3.2-6 
California Public Utilities Commission, 3.16-3 
California Register of Historical Resources, 3.13-3 
California State Park, 3.8-13, 3.8-90, 3.15-3, 3.15-23 
California Water Code, 1-14, 3.1-3, 3.2-6, 3.3-4, 3.7-4, 3.8-4, 3.10-1 
California Wild and Scenic Rivers, 3.14-2 
CalSim II, 3.3-103, 3.7-19, 3.8-35 
Camp Far West Reservoir, 2-27, 3.1-10, 3.2-1, 3.2-4, 3.2-7, 3.2-15, 3.2-31, 3.2-

33, 3.2-65, 3.7-3, 3.7-11, 3.7-33, 3.7-43, 3.7-51, 3.8-3, 3.8-45, 3.8-57, 3.8-63, 
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3.8-81, 3.15-7, 3.15-13, 3.15-14, 3.15-16, 3.15-17, 3.15-18, 3.15-19, 3.15-24, 
3.16-6, 3.17-1, 3.17-7 

CARB, See California Air Resources Board 
carbon dioxide, 3.6-3, 3.6-13, 3.6-19, 3.6-20 
carbon monoxide, 3.5-3, 3.5-8, 3.5-15, 3.5-32, 3.5-33, 3.5-34, 3.5-35, 3.5-39, 

3.5-43 
CCR, See California Code of Regulations 
CDEC, See California Data Exchange Center 
CDFW, See California Department of Fish and Wilflife 
CDPR, See California Department of Parks and Recreation 
CEC, See California Energy Commission 
Central Valley, ES-1, ES-3, ES-6, ES-11, ES-24, 1-1, 1-3, 1-11, 1-13, 1-22, 2-5, 

2-7, 2-8, 2-13, 2-55, 3.1-3, 3.1-5, 3.1-13, 3.1-24, 3.1-25, 3.2-9, 3.2-59, 3.2-
62, 3.2-63, 3.2-64, 3.2-65, 3.3-2, 3.3-4, 3.3-15, 3.3-25, 3.3-65, 3.3-66, 3.3-67, 
3.3-75, 3.3-172, 3.3-175, 3.3-176, 3.3-177, 3.4-5, 3.4-16, 3.5-7, 3.6-18, 3.7-3, 
3.7-4, 3.7-5, 3.7-7, 3.7-8, 3.7-9, 3.7-11, 3.7-12, 3.7-14, 3.7-15, 3.7-16, 3.7-21, 
3.7-30, 3.7-39, 3.7-61, 3.7-62, 3.7-63, 3.7-64, 3.7-65, 3.7-66, 3.8-1, 3.8-4, 
3.8-5, 3.8-11, 3.8-13, 3.8-14, 3.8-15, 3.8-20, 3.8-22, 3.8-23, 3.8-24, 3.8-25, 
3.8-26, 3.8-27, 3.8-36, 3.8-62, 3.8-72, 3.8-73, 3.8-74, 3.8-91, 3.8-94, 3.8-96, 
3.9-21, 3.10-1, 3.11-21, 3.12-4, 3.12-6, 3.13-1, 3.13-3, 3.13-4, 3.13-6, 3.13-7, 
3.13-8, 3.13-10, 3.13-12, 3.13-13, 3.13-22, 3.14-3, 3.14-11, 3.14-13, 3.16-1, 
3.16-17, 3.17-4, 3.17-8, 3.17-21, 3.17-22, 3.17-23, 3.17-25, 4-5, 4-6, 4-10, 4-
12, 4-13, 5-1, 5-2 

Central Valley Flood Protection Board, 3.17-4 
Central Valley Project, ES-1, ES-2, ES-4, ES-5, ES-6, ES-9, ES-10, ES-11, ES-

13, ES-19, ES-20, ES-21, ES-23, ES-24, 1-1, 1-2, 1-3, 1-4, 1-5, 1-6, 1-8, 1-9, 
1-11, 1-12, 1-14, 1-17, 1-18, 1-19, 1-20, 1-22, 2-5, 2-7, 2-9, 2-10, 2-11, 2-13, 
2-21, 2-22, 2-28, 2-29, 2-30, 2-31, 2-35, 2-36, 2-37, 2-44, 2-45, 2-50, 2-51, 2-
54, 2-55, 3.1-3, 3.1-5, 3.1-11, 3.1-13, 3.1-14, 3.1-15, 3.1-16, 3.1-17, 3.1-18, 
3.1-21, 3.1-22, 3.1-23, 3.1-24, 3.1-25, 3.2-9, 3.2-20, 3.2-21, 3.2-25, 3.2-29, 
3.2-30, 3.2-31, 3.2-37, 3.2-38, 3.2-39, 3.2-40, 3.2-41, 3.2-42, 3.2-43, 3.2-44, 
3.2-48, 3.2-49, 3.2-50, 3.2-51, 3.2-55, 3.2-56, 3.2-57, 3.2-59, 3.2-61, 3.2-62, 
3.2-63, 3.3-4, 3.3-57, 3.3-160, 3.3-169, 3.3-176, 3.4-5, 3.4-16, 3.4-17, 3.4-22, 
3.4-23, 3.4-24, 3.4-25, 3.5-7, 3.5-30, 3.6-18, 3.6-22, 3.7-3, 3.7-4, 3.7-5, 3.7-7, 
3.7-8, 3.7-14, 3.7-19, 3.7-34, 3.7-35, 3.7-44, 3.7-45, 3.7-46, 3.7-52, 3.7-53, 
3.7-56, 3.7-57, 3.7-58, 3.7-59, 3.7-60, 3.7-64, 3.8-4, 3.8-5, 3.8-35, 3.8-37, 
3.8-62, 3.8-63, 3.8-64, 3.8-65, 3.8-70, 3.8-77, 3.8-83, 3.8-85, 3.8-86, 3.8-87, 
3.8-88, 3.8-89, 3.8-96, 3.9-21, 3.9-26, 3.9-28, 3.9-44, 3.9-46, 3.9-48, 3.10-1, 
3.10-16, 3.10-19, 3.10-23, 3.10-28, 3.10-29, 3.10-30, 3.10-50, 3.10-52, 3.10-
54, 3.10-55, 3.10-57, 3.11-21, 3.11-26, 3.12-6, 3.12-10, 3.13-8, 3.13-12, 
3.13-15, 3.13-16, 3.13-17, 3.13-19, 3.13-20, 3.14-13, 3.14-14, 3.14-16, 3.14-
17, 3.14-19, 3.14-21, 3.16-1, 3.16-3, 3.16-4, 3.16-7, 3.16-8, 3.16-10, 3.16-11, 
3.16-12, 3.16-13, 3.16-14, 3.16-15, 3.16-16, 3.16-17, 3.17-4, 3.17-7, 3.17-9, 
3.17-10, 3.17-11, 3.17-12, 3.17-14, 3.17-15, 3.17-17, 3.17-18, 3.17-20, 3.17-
22, 4-5, 4-6, 4-7, 4-8, 4-9, 4-10, 4-12, 4-13, 5-2 
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Central Valley Project Improvement Act, ES-6, 1-11, 1-12, 1-17, 1-20, 2-13, 
3.1-3, 3.3-4, 3.1-24, 3.3-4, 3.3-176, 3.7-4, 4-6, 4-10 

CEQ, See Council on Environmental Quality 
CEQA, See California Environmental Quality Act 
CFCP, See California Farmland Conservancy Program 
Chico, 1-21, 3.3-74, 3.3-173, 3.5-8, 3.5-16, 3.7-12, 3.7-15, 3.7-26, 3.7-27, 3.7-

28, 3.7-31, 3.7-42, 3.7-59, 3.8-21, 3.8-23, 3.8-47, 3.8-48, 3.8-49, 3.8-56, 3.8-
65, 3.8-69, 3.9-33, 3.9-34, 3.10-34, 3.12-4, 3.12-5, 3.12-6, 3.12-7, 3.12-13, 
3.13-7 

Chico Rancheria, 3.12-4, 3.12-5, 3.12-6, 3.12-7 
City of Biggs, 3.9-34, 3.9-51 
City of Colusa, 3.9-32, 3.9-51 
City of Gridley, 3.9-34, 3.9-51 
City of Live Oak, 3.9-36, 3.9-51 
City of Orland, 3.9-29, 3.9-30, 3.9-31, 3.9-51 
City of Williams, 3.9-31, 3.9-51, 3.9-52 
City of Woodland, 3.3-170, 3.9-38, 3.9-39, 3.9-52 
Clean Air Act, 3.5-3, 3.5-7, 3.5-24 
Clean Water Act, 2-3, 2-5, 2-6, 2-66,  
climate change, ES-16, 2-47, 3.6-1, 3.6-2, 3.6-3, 3.6-4, 3.6-5, 3.6-7, 3.6-8, 3.6-

9, 3.6-12, 3.6-13, 3.6-16, 3.6-20, 3.6-21, 3.6-22, 3.6-23, 3.6-24, 3.7-24, 3.7-
25, 3.8-26 

CNDDB, See California Natural Diversity Database 
CNPS, 3.8-29, See California Native Plant Society 
COA, 2-21, See Coordination Operations Agreement 
Coast Ranges, 3.4-15, 3.8-22, 3.14-3 
Colfax-Iowa Hill Bridge, 3.15-6 
Colusa County, 1-8, 3.3-9, 3.3-10, 3.3-11, 3.3-13, 3.3-70, 3.3-173, 3.4-7, 3.4-27, 

3.4-28, 3.5-11, 3.5-13, 3.5-26, 3.5-28, 3.5-30, 3.5-31, 3.5-32, 3.5-33, 3.5-40, 
3.6-6, 3.6-16, 3.7-10, 3.9-7, 3.9-11, 3.9-12, 3.9-32, 3.9-49, 3.9-50, 3.9-52, 
3.10-2, 3.10-4, 3.10-5, 3.10-6, 3.11-3, 3.12-3 

Conaway Preservation Group, ES-6, 2-14, 2-19, 2-22, 2-39, 2-41, 3.1-6, 3.3-9, 
3.3-109, 3.3-170, 3.5-30, 3.5-33, 3.5-34, 3.5-35, 3.5-36, 3.6-19, 3.6-20, 3.10-
24 

Conservation Reserve Program, 3.9-1, 3.9-54 
Contra Costa County, ES-5, 1-8, 1-13, 3.7-3, 3.8-4, 3.8-13, 3.8-19, 3.8-91, 3.10-

17, 3.12-4, 3.14-5 
Contra Costa Water District, ES-4, ES-5,1-6, 1-8, 1-9, 1-18, 1-21, 1-22, 2-21, 2-

31, 2-34, 2-37, 3.1-1, 3.1-13, 3.3-2, 3.3-88, 3.3-103, 3.3-105, 3.3-173, 3.7-4, 
3.7-19, 3.7-35, 3.7-45, 3.7-46, 3.7-52, 3.7-53, 3.8-13, 3.8-35, 3.10-16, 3.10-
17, 3.10-19, 3.10-57, 3.10-58, 3.12-4, 3.17-9 

Contra Costa WD, See Contra Costa Water District  
Coordinated Operations Agreement, ES-11, 2-11 
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Cordua Irrigation District, ES-6, 2-15, 2-20, 2-25, 2-39, 2-41, 3.1-11, 3.3-109, 
3.3-110, 3.5-32, 3.6-19 

Cordua ID, See Cordua Irrigation District 
Cortina Rancheria, 3.12-3 
Council on Environmental Quality, 2-7, 3.6-4, 3.11-3, 3.11-28, 3.11-11, 3.11-

18, 3.11-19, 4-12, 5-2, 6-4, 6-18 
critical habitat, 1-12, 1-13, 3.1-3, 3.7-12, 3.7-14, 3.7-23, 3.8-21, 3.8-22, 3.8-40 
critical year, ES-9, 1-13, 2-9, 2-13, 3.1-14, 3.2-29, 3.2-30, 3.2-32, 3.2-33, 3.2-

37, 3.2-40, 3.2-42, 3.2-43, 3.2-47, 3.2-50, 3.2-55, 3.4-20, 3.4-21, 3.4-22, 3.4-
25, 3.7-32, 3.7-35, 3.7-38, 3.7-39, 3.7-42, 3.7-43, 3.7-46, 3.7-50, 3.7-53, 3.8-
45, 3.8-58, 3.8-63, 3.8-69, 3.8-81, 3.10-47, 3.10-57, 3.11-23, 3.12-6, 3.12-10, 
3.17-11, 3.17-14, 3.17-16, 3.17-19, 3.17-22 

crop shifting, ES-11, 1-16, 2-13, 2-14, 2-22, 2-38, 3.1-6, 3.1-7, 3.1-8, 3.1-9, 3.1-
10, 3.1-12, 3.2-1, 3.2-28, 3.2-29, 3.2-44, 3.2-50, 3.2-60, 3.3-1, 3.4-23, 3.5-1, 
3.5-31, 3.5-40, 3.5-42, 3.6-1, 3.6-23, 3.7-40, 3.7-49, 3.8-1, 3.8-30, 3.8-42, 
3.8-72, 3.8-74, 3.8-75, 3.8-76, 3.8-77, 3.8-79, 3.9-1, 3.10-1, 3.10-27, 3.10-29, 
3.10-39, 3.10-47, 3.10-50, 3.10-51, 3.11-1, 3.11-11, 3.11-20, 3.11-21, 3.11-
23, 3.11-24, 3.11-26, 3.11-28, 3.12-1, 3.14-1, 5-2 

cropland idling, ES-15, ES-16, ES-22, 1-16, 1-18, 2-12, 2-14, 2-20, 2-22, 2-32, 
2-34, 2-35, 2-37, 2-38, 2-43, 2-46, 2-47, 2-53, 3.1-6, 3.1-15, 3.1-21, 3.2-1, 
3.2-28, 3.2-29, 3.2-44, 3.2-50, 3.2-59, 3.2-60, 3.2-62, 3.3-1, 3.3-99, 3.3-104, 
3.3-105, 3.3-157, 3.3-158, 3.3-159, 3.3-160, 3.3-169, 3.4-1, 3.4-2, 3.4-4, 3.4-
6, 3.4-16, 3.4-17, 3.4-18, 3.4-19, 3.4-20, 3.4-21, 3.4-23, 3.4-24, 3.4-25, 3.4-
26, 3.5-1, 3.5-23, 3.5-24, 3.5-26, 3.5-27, 3.5-31, 3.5-34, 3.5-35, 3.5-36, 3.5-
37, 3.5-38, 3.5-40, 3.5-41, 3.5-42, 3.5-43, 3.5-45, 3.6-1, 3.6-15, 3.6-16, 3.6-
18, 3.6-19, 3.6-20, 3.6-21, 3.6-22, 3.6-23, 3.6-24, 3.6-25, 3.7-1, 3.7-40, 3.7-
49, 3.7-57, 3.7-58, 3.8-1, 3.8-32, 3.8-33, 3.8-37, 3.8-42, 3.8-60, 3.8-61, 3.8-
62, 3.8-64, 3.8-65, 3.8-66, 3.8-68, 3.8-70, 3.8-71, 3.8-72, 3.8-76, 3.8-77, 3.8-
79, 3.8-85, 3.8-86, 3.8-87, 3.8-89, 3.9-1, 3.9-20, 3.9-22, 3.9-23, 3.9-24, 3.9-
25, 3.9-27, 3.9-28, 3.9-39, 3.9-44, 3.9-45, 3.9-46, 3.9-47, 3.9-48, 3.10-1, 
3.10-4, 3.10-5, 3.10-7, 3.10-8, 3.10-10, 3.10-11, 3.10-12, 3.10-13, 3.10-14, 
3.10-15, 3.10-21, 3.10-23, 3.10-24, 3.10-25, 3.10-26, 3.10-27, 3.10-28, 3.10-
29, 3.10-30, 3.10-32, 3.10-33, 3.10-34, 3.10-35, 3.10-36, 3.10-37, 3.10-39, 
3.10-40, 3.10-42, 3.10-48, 3.10-49, 3.10-50, 3.10-51, 3.10-52, 3.10-53, 3.10-
54, 3.10-57, 3.11-1, 3.11-8, 3.11-11, 3.11-20, 3.11-21, 3.11-22, 3.11-23, 
3.11-24, 3.11-27, 3.14-1, 3.14-11, 3.14-13, 3.14-21, 3.14-22, 3.16-8, 3.16-11, 
3.16-13, 3.17-1, 5-2 

CRP, See Conservation Reserve Program 
cultural resources, ES-19, 2-50, 3.13-1, 3.13-2, 3.13-3, 3.13-4, 3.13-5, 3.13-12, 

3.13-13, 3.13-14, 3.13-15, 3.13-16, 3.13-17, 3.13-18, 3.13-19, 3.13-20 
cumulative effects, 1-21, 1-14, 1-23, 2-59, 2-60, 3.3-108, 3.3-169, 3.3-170, 3.3-

171, 3.3-172, 4-24, 7-1, 7-58, 7-61, 3.8-86, 3.8-87, 3.8-88, 3.8-89, 3.9-28, 
3.9-44, 3.9-46, 3.9-48, 3.10-41, 3.10-52, 3.10-55, 3.10-57, 3.11-25, 3.11-26, 
3.11-27, 3.12-12, 3.13-19, 3.14-22, 3.15-22, 3.16-16, 3.17-21, 4-1, 4-3, 4-4, 
4-5, 5-4 

CVP, see Central Valley Project 
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CVPIA, See Central Valley Project Improvement Act 
CWA, See Clean Water Act 

D 
Del Puerto Water District, ES-4, 1-6, 2-21 
Delta Cross Channel, 3.17-9 
Delta Levees System Integrity Program, 3.17-21 
Delta-Mendota Canal, ES-4, ES-14, 1-6, 2-28, 2-45, 3.1-13, 3.2-9, 3.2-24, 3.2-

40, 3.2-49, 3.2-56, 3.2-58, 3.2-62, 3.2-63, 3.3-86, 3.3-177, 3.7-4, 3.16-7, 
3.17-9, 3.17-10 

Department of Conservation, 3.3-8, 3.9-3, 3.9-5, 3.9-10, 3.9-11, 3.9-12, 3.9-13, 
3.9-14, 3.9-15, 3.9-16, 3.9-17, 3.9-18, 3.9-19, 3.9-20, 3.9-22, 3.9-29, 3.9-32, 
3.9-34, 3.9-35, 3.9-40, 3.9-41, 3.9-42, 3.9-43, 3.9-44, 3.9-48, 3.9-49, 3.9-50, 

Department of Water Resources, ES-2, 1-2, 2-11, 1-13, 1-17, 1-18, 1-20, 2-12, 
2-21, 2-26, 2-35, 2-36, 2-55, 3.1-9, 3.1-10, 3.1-16, 3.1-19, 3.1-22, 3.1-23, 
3.1-24, 3.2-9, 3.2-10, 3.2-11, 3.2-12, 3.2-13, 3.2-14, 3.2-15, 3.2-17, 3.2-19, 
3.2-20, 3.2-21, 3.2-22, 3.2-23, 3.2-24, 3.2-64, 3.3-6, 3.3-7, 3.3-9, 3.3-10, 3.3-
11, 3.3-14, 3.3-15, 3.3-16, 3.3-17, 3.3-21, 3.3-23, 3.3-25, 3.3-26, 3.3-27, 3.3-
31, 3.3-33, 3.3-35, 3.3-37, 3.3-39, 3.3-41, 3.3-43, 3.3-45, 3.3-47, 3.3-49, 3.3-
51, 3.3-53, 3.3-55, 3.3-58, 3.3-59, 3.3-61, 3.3-63, 3.3-65, 3.3-67, 3.3-69, 3.3-
70, 3.3-71, 3.3-73, 3.3-75, 3.3-83, 3.3-86, 3.3-90, 3.3-95, 3.3-96, 3.3-97, 3.3-
155, 3.3-156, 3.3-161, 3.3-165, 3.3-173, 3.3-175, 3.3-176, 3.6-1, 3.6-26, 3.7-
5, 3.7-27, 3.7-35, 3.7-38, 3.7-46, 3.7-47, 3.7-53, 3.7-54, 3.7-58, 3.7-62, 3.8-7, 
3.8-9, 3.8-11, 3.8-12, 3.8-23, 3.8-24, 3.8-47, 3.8-48, 3.8-63, 3.8-88, 3.8-90, 
3.10-25, 3.10-59, 3.12-8, 3.12-12, 3.12-13, 3.13-10, 3.13-11, 3.13-21, 3.14-
12, 3.14-24, 3.16-5, 3.16-8, 3.16-16, 3.16-17, 3.17-5, 3.15-7, 3.15-23, 3.16-5, 
3.16-16, 3.17-4, 3.17-6, 3.17-7, 3.17-9, 3.17-21, 3.17-22, 3.17-23, 3.17-25, 4-
8, 4-10 

diesel, 3.5-13, 3.5-14, 3.5-15, 3.5-30, 3.5-31, 3.5-43, 3.6-18, 3.6-21, 3.6-22, 5-1 
Dinosaur Point, 3.15-10 
Division of Land Resource Protection, 3.9-3 
DMC, See Delta-Mendota Canal 
DOC, See Department of Conservation 
drought, 1-9, 1-17, 3.1-14, 3.2-24, 3.3-28, 3.3-29, 3.3-57, 3.3-98, 3.3-108, 3.6-

11, 3.6-12, 3.6-13, 3.8-60, 3.8-66, 3.10-22, 3.10-47, 3.10-57, 3.13-20, 4-6 
Dry Creek, 2-25, 3.2-1, 3.2-4, 3.2-14, 3.3-16, 3.7-10, 3.8-47, 3.8-48, 3.15-6, 

3.15-22, 3.17-6, 3.17-7 
DWR, See Department of Water Resources 

E 
Eagle Field Water District, ES-4, 1-6, 2-21 
East Bay Municipal Utility District, ES-4, ES-5, 1-6, 1-10, 1-11, 1-18, 1-22, 2-

21, 2-22, 2-31, 2-34, 2-37, 3.1-1, 3.1-13, 3.2-30, 3.3-2, 3.3-88, 3.3-103, 3.4-
21, 3.4-22, 3.7-4, 3.7-35, 3.7-45, 3.7-46, 3.7-52, 3.7-53, 3.8-14, 3.10-16, 
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3.10-18, 3.10-19, 3.10-57, 3.12-4, 3.12-6, 3.12-9, 3.12-10, 3.12-12, 3.16-7, 
3.17-9, 3.17-15, 3.17-18 

East Bay MUD, See East Bay Municipal Utility District 
Eastside Mutual Water Company, ES-6, 2-14, 2-19, 2-39, 2-41, 3.1-7, 3.3-109, 

3.5-26, 3.6-19 
Eastside MWC, See Eastside Mutual Water Company 
EDD, See Employment Development Department 
electrical conductivity, 2-13 
emissions, ES-16, 2-47, 2-48, 3.4-4, 3.5-7, 3.5-8, 3.5-9, 3.5-10, 3.5-13, 3.5-16, 

3.5-23, 3.5-24, 3.5-25, 3.5-26, 3.5-27, 3.5-28, 3.5-29, 3.5-30, 3.5-31, 3.5-32, 
3.5-33, 3.5-34, 3.5-35, 3.5-36, 3.5-37, 3.5-38, 3.5-39, 3.5-40, 3.5-41, 3.5-42, 
3.5-43, 3.5-44, 3.5-45, 3.6-1, 3.6-2, 3.6-3, 3.6-4, 3.6-5, 3.6-6, 3.6-7, 3.6-8, 
3.6-10, 3.6-13, 3.6-14, 3.6-15, 3.6-16, 3.6-17, 3.6-18, 3.6-19, 3.6-20, 3.6-21, 
3.6-22, 3.6-23, 3.6-24, 3.6-25, 4-3 

employment, ES-22, ES-23, 2-53, 2-54, 3.9-34, 3.9-39, 3.9-45, 3.10-3, 3.10-4, 
3.10-6, 3.10-7, 3.10-9, 3.10-10, 3.10-12, 3.10-13, 3.10-14, 3.10-15, 3.10-16, 
3.10-19, 3.10-24, 3.10-29, 3.10-32, 3.10-33, 3.10-34, 3.10-35, 3.10-36, 3.10-
37, 3.10-38, 3.10-39, 3.10-47, 3.10-49, 3.10-50, 3.10-51, 3.10-52, 3.10-53, 
3.10-54, 3.10-55, 3.10-56, 3.10-57, 3.10-58, 3.11-1, 3.11-8, 3.11-9, 3.11-10, 
3.11-11, 3.11-20, 3.11-21, 3.11-22, 3.11-23, 3.11-24, 3.11-25, 3.11-26, 3.11-
27, 5-2 

Employment Development Department, 3.10-53, 3.10-55, 3.10-58, 3.11-8, 3.11-
9, 3.11-10, 3.11-11, 3.11-16, 3.11-17, 3.11-22, 3.11-29 

Endangered Species Act, 2-14, 2-55, 3.7-4, 3.7-9, 3.7-14, 3.7-17, 3.7-23, 3.7-34, 
3.7-45, 3.7-52, 3.7-60, 3.7-61, 3.8-4, 3.8-16, 3.8-17, 3.8-21, 3.8-22, 3.8-40, 4-
10 

Englebright Dam, 3.7-3, 3.17-6 
Enterprise Rancheria, 3.12-4, 3.12-13 
environmental justice, 3.11-1, 3.11-2, 3.11-3, 3.11-11, 3.11-18, 3.11-19, 3.11-

20, 3.11-25, 3.11-26 
erosion, ES-15, ES-16, 2-46, 2-47, 3.2-10, 3.2-13, 3.2-26, 3.2-27, 3.2-28, 3.2-

50, 3.4-2, 3.4-3, 3.4-4, 3.4-5, 3.4-6, 3.4-11, 3.4-12, 3.4-15, 3.4-16, 3.4-17, 
3.4-18, 3.4-19, 3.4-20, 3.4-21, 3.4-22, 3.4-23, 3.4-24, 3.4-25, 3.4-26, 3.5-31, 
3.5-35, 3.5-40, 3.5-41, 3.5-45, 3.6-13, 3.8-37, 3.13-4, 3.13-14, 3.13-15, 3.13-
16, 3.13-17, 3.13-19, 5-2 

ESA, See Endangered Species Act 
essential fish habitat, 3.7-23 
ETAW, See evapotranspiration of applied water 
evapotranspiration of applied water, 2-12, 2-13, 2-30, 3.10-26, 3.10-27, 3.10-32, 

3.10-34, 3.10-36 
Executive Order, 3.6-5, 3.7-4, 3.8-4, 3.11-2, 3.11-29, 3.13-2 
expansive soils, ES-15, 3.2-46, 3.4-6, 3.4-17, 3.4-19, 3.4-21, 3.4-22, 3.4-23, 

3.4-25, 3.4-26 
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F 
farm worker, ES-23, 2-54, 3.10-32, 3.10-39, 3.10-47, 3.10-54, 3.10-55, 3.11-9, 

3.11-20, 3.11-21, 3.11-22, 3.11-23, 3.11-24, 3.11-25, 3.11-26, 3.11-27 
Farmland Mapping and Monitoring Program, ES-18, 3.9-4, 3.9-15, 3.9-20, 3.9-

22, 3.9-24, 3.9-25, 3.9-26, 3.9-27, 3.9-32, 3.9-34, 3.9-35, 3.9-40, 3.9-41, 3.9-
43, 3.9-44, 3.9-45, 3.9-46, 3.9-47, 3.9-48, 3.9-49, 3.9-50, 3.9-51 

Farmland Security Zone, 3.9-3, 3.11-27 
Feather River, ES-6, 2-15, 2-20, 2-25, 2-26, 2-27, 2-39, 2-41, 3.1-8, 3.1-9, 3.1-

10, 3.1-11, 3.2-1, 3.2-4, 3.2-7, 3.2-12, 3.2-13, 3.2-14, 3.2-15, 3.2-32, 3.2-33, 
3.2-35, 3.2-36, 3.2-45, 3.2-46, 3.2-52, 3.2-53, 3.2-54, 3.3-27, 3.3-74, 3.3-110, 
3.4-17, 3.4-18, 3.4-21, 3.5-11, 3.5-13, 3.5-27, 3.5-31, 3.5-32, 3.5-33, 3.5-40, 
3.5-42, 3.5-43, 3.5-47, 3.6-6, 3.7-3, 3.7-12, 3.7-14, 3.7-15, 3.7-17, 3.7-28, 
3.7-41, 3.7-42, 3.7-58, 3.8-3, 3.8-11, 3.8-87, 3.11-26, 3.12-4, 3.13-7, 3.13-9, 
3.13-10, 3.14-2, 3.14-5, 3.14-6, 3.14-15, 3.14-18, 3.14-20, 3.15-6, 3.15-7, 
3.15-25, 3.16-1, 3.16-5, 3.16-9, 3.16-11, 3.16-13, 3.17-1, 3.17-5, 3.17-6, 
3.17-7, 3.17-13, 3.17-16, 3.17-19, 4-5 

Federal Emergency Management Agency, 3.17-2, 3.17-3, 3.17-4, 
Federal Energy Regulatory Commission, 3.7-39, 3.7-47, 3.7-55, 3.7-60, 3.7-64, 

3.8-46, 3.14-12, 3.15-24, 3.16-3, 3.16-5, 3.16-6, 3.16-7, 3.16-17, 4-9 
Federal Migratory Bird Treaty Act, 3.8-4 
FEMA, See Federal Emergency Management Agency 
FERC, See Federal Energy Regulatory Commission 
Fish and Wildlife Coordination Act, 3.7-4, 3.8-4 
fisheries, ES-17, 1-17, 2-43, 2-48, 3.1-9, 3.1-11, 3.2-14, 3.3-99, 3.7-1, 3.7-4, 

3.7-5, 3.7-8, 3.7-18, 3.7-21, 3.7-22, 3.7-23, 3.7-24, 3.7-25, 3.7-26, 3.7-27, 
3.7-28, 3.7-29, 3.7-31, 3.7-33, 3.7-34, 3.7-35, 3.7-38, 3.7-39, 3.7-41, 3.7-42, 
3.7-43, 3.7-44, 3.7-45, 3.7-46, 3.7-47, 3.7-49, 3.7-50, 3.7-51, 3.7-52, 3.7-53, 
3.7-54, 3.7-56, 3.7-57, 3.7-58, 3.7-59, 3.7-60, 3.8-88, 4-9 

flood control, ES-11, ES-21, 2-11, 2-23, 2-51, 2-52, 3.1-5, 3.1-6, 3.1-11, 3.1-19, 
3.3-68, 3.7-7, 3.8-9, 3.8-10, 3.8-33, 3.14-13, 3.16-3, 3.16-4, 3.17-1, 3.17-3, 
3.17-4, 3.17-5, 3.17-6, 3.17-7, 3.17-9, 3.17-10, 3.17-11, 3.17-12, 3.17-14, 
3.17-15, 3.17-17, 3.17-18, 3.17-19, 3.17-20, 3.17-21, 3.17-22, 3.17-23 

Flood Disaster Protection Act, 3.17-3 
Flood Hazard Mapping, 3.17-2 
Floodplain Management, 3.17-2 
FMMP, See Farmland Mapping and Monitoring Program 
Folsom Dam, 2-23, 2-18, 3.2-63, 3.13-13, 3.14-8, 3.15-5, 3.16-4, 3.17-7, 3.17-8, 

3.17-21, 3.17-25 
Folsom Powerplant, 3.16-4, 3.16-5, 3.16-17 
Folsom Reservoir, 2-21, 2-23, 2-24, 3.1-11, 3.1-12, 3.2-2, 3.2-4, 3.2-7, 3.2-17, 

3.2-30, 3.2-33, 3.2-43, 3.2-50, 3.2-51, 3.2-61, 3.3-69, 3.7-3, 3.7-11, 3.8-3, 
3.8-11, 3.8-13, 3.13-9, 3.13-15, 3.13-17, 3.13-18, 3.14-6, 3.14-7, 3.14-14, 
3.14-17, 3.14-19, 3.15-4, 3.15-5, 3.15-14, 3.15-16, 3.15-18, 3.16-10, 3.16-12, 
3.16-14, 3.17-1, 3.17-7, 3.17-12, 3.17-15, 3.17-18, 3.17-24 

Fremont Weir, 3.8-8, 3.8-9, 3.17-5 
French Meadow Reservoir, 3.14-6, 3.17-1 
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Fresno County, 3.3-82, 3.4-12, 3.4-28, 3.4-29, 3.5-8, 3.7-3, 3.8-4, 3.8-21, 3.8-
91, 3.9-18, 3.9-19, 3.9-43, 3.9-50, 3.9-52, 3.10-20 

fugitive dust, ES-16, 2-47, 3.4-4, 3.5-23, 3.5-30, 3.5-31, 3.5-35, 3.5-36, 3.5-37, 
3.5-40, 3.5-41, 3.5-42, 3.5-45, 3.5-2 

G 
GAMA, See Groundwater Ambient Monitoring Assessment 
Garden Highway Mutual Water Company, ES-6, 2-15, 2-20, 2-26, 2-39, 2-41, 

3.1-9, 3.3-109, 3.5-27, 3.5-37, 3.5-39,3.6-19 
Garden Highway MWC, See Garden Highway Mutual Water Company 
general conformity, ES-16, 2-47, 3.5-7, 3.5-8, 3.5-9, 3.5-24, 3.5-37, 3.5-38, 3.5-

39, 3.5-40, 3.5-41 
General Plan, 3.2-24, 3.2-63, 3.2-64, 3.3-178, 5-29, 5-48, 3.8-90, 3.9-6, 3.9-7, 

3.9-8, 3.9-10, 3.9-12, 3.9-29, 3.9-30, 3.9-31, 3.9-32, 3.9-33, 3.9-34, 3.9-36, 
3.9-37, 3.9-38, 3.9-39, 3.9-44, 3.9-48, 3.9-51, 3.9-52, 3.9-53, 3.9-54, 3.10-2, 
3.10-28, 3.10-40, 3.11-3, 3.12-13, 3.15-24, 3.17-24, 4-4 

geology, 3.3-15, 3.3-23, 3.3-70, 3.3-73, 3.3-175, 3.4-1, 3.4-12, 3.4-15, 3.4-16, 
3.4-23, 3.4-24, 3.7-29 

giant garter snake, 3.2-32, 3.2-33, 3.2-34, 3.2-43, 3.8-21, 3.8-22, 3.8-31, 3.8-32, 
3.8-43, 3.8-61, 3.8-66, 3.8-67, 3.8-68, 3.8-71, 3.8-72, 3.8-73, 3.8-74, 3.8-75, 
3.8-92, 3.8-96 

Gilroy-Hollister Valley Groundwater Basin, 3.3-2, 3.3-88, 3.3-89, 3.3-96 
Gilsizer Slough Ranch, ES-6, 2-15, 2-20, 2-25, 2-26, 2-39, 2-41, 3.1-10, 3.3-9, 

3.3-109, 3.5-27, 3.5-32, 3.5-33, 3.5-37, 3.5-39, 3.5-43, 3.6-19 
Glenn County, 3.3-9, 3.3-10, 3.3-13, 3.3-70, 3.3-164, 3.3-165, 3.4-7, 3.4-27, 

3.5-11, 3.5-13, 3.5-26, 3.5-28, 3.5-31, 3.5-32, 3.5-33, 3.5-40, 3.6-7, 3.6-17, 
3.7-62, 3.9-6, 3.9-7, 3.9-10, 3.9-11, 3.9-28, 3.9-29, 3.9-49, 3.9-50, 3.9-52, 
3.9-53, 3.10-3, 3.10-4, 3.12-3, 3.15-3 

GMP, See Groundwater Management Plan 
Goose Club Farms and Teichert Aggregates, ES-6, 2-15, 2-20, 2-25, 2-26, 2-40, 

2-41, 3.1-10, 3.3-9, 3.3-109, 3.5-27, 3.5-32, 3.5-34, 3.5-35, 3.5-36, 3.6-19, 
3.6-20, 3.10-24 

greater sandhill crane, 2-34, 3.8-23, 3.8-71, 3.8-72, 3.8-76 
greenhouse gas, ES-16, 2-47, 3.6-1, 4-3 
Grindstone Creek Rancheria, 3.12-3 
Groundwater Ambient Monitoring and Assessment, 3.3-73, 3.3-87 
groundwater level, ES-14, ES-15, ES-17, ES-22, ES-23, 1-21, 2-43, 2-45, 2-46, 

2-48, 2-53, 2-54, 3.3-1, 3.3-6, 3.3-10, 3.3-13, 3.3-14, 3.3-15, 3.3-23, 3.3-27, 
3.3-28, 3.3-29, 3.3-57, 3.3-68, 3.3-69, 3.3-81, 3.3-91, 3.3-95, 3.3-98, 3.3-99, 
3.3-100, 3.3-104, 3.3-105, 3.3-106, 3.3-107, 3.3-109, 3.3-110, 3.3-154, 3.3-
155, 3.3-156, 3.3-157, 3.3-158, 3.3-159, 3.3-160, 3.3-162, 3.3-163, 3.3-164, 
3.3-166, 3.3-167, 3.3-168, 3.3-169, 3.3-171, 3.8-9, 3.8-30, 3.8-40, 3.8-43, 
3.8-44, 3.8-69, 3.8-84, 3.10-28, 3.10-29, 3.10-40, 3.10-41, 3.10-42, 3.10-49, 
3.10-51, 3.10-55, 3.12-5, 3.12-6, 3.12-7, 3.12-10, 3.12-12, 5-2, 5-4 

Groundwater Management Act, 3.2-10, 3.3-6, 3.3-8 
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Groundwater Management Plan, 3.3-5, 3.3-6, 3.3-9, 3.3-12, 3.3-14, 3.3-13,3.3-
176, 3.3-177 

groundwater quality, ES-15, 2-46, 3.2-29, 3.2-42, 3.2-60, 3.3-1, 3.3-6, 3.3-8, 
3.3-15, 3.3-23, 3.3-73, 3.3-87, 3.3-99, 3.3-100, 3.3-103, 3.3-104, 3.3-106, 
3.3-156, 3.3-157, 3.3-158, 3.3-159, 3.3-160, 3.3-161, 3.3-171, 3.7-59, 5-2 

groundwater substitution, ES-10, ES-16, ES-20, ES-22, ES-23, 1-18, 2-10, 2-14, 
2-20, 2-22, 2-23, 2-24, 2-25, 2-29, 2-32, 2-35, 2-38, 2-43, 2-47, 2-51, 2-53, 2-
54, 3.1-6, 3.1-7, 3.1-8, 3.1-9, 3.1-10, 3.1-11, 3.1-12, 3.1-14, 3.1-18, 3.1-21, 
3.1-22, 3.1-23, 3.2-1, 3.2-29, 3.2-30, 3.2-32, 3.2-41, 3.2-42, 3.2-43, 3.2-54, 
3.2-60, 3.3-1, 3.3-2, 3.3-5, 3.3-12, 3.3-100, 3.3-103, 3.3-104, 3.3-106, 3.3-
107, 3.3-108, 3.3-109, 3.3-154, 3.3-155, 3.3-156, 3.3-158, 3.3-159, 3.3-160, 
3.3-161, 3.3-163, 3.3-164, 3.3-167, 3.3-168, 3.3-169, 3.3-170, 3.3-171, 3.3-
172, 3.4-1, 3.5-1, 3.5-13, 3.5-14, 3.5-24, 3.5-26, 3.5-27, 3.5-30, 3.5-31, 3.5-
37, 3.5-38, 3.5-39, 3.5-40, 3.5-41, 3.5-42, 3.5-43, 3.5-44, 3.6-1, 3.6-15, 3.6-
16, 3.6-18, 3.6-20, 3.6-21, 3.6-22, 3.6-24, 3.7-1, 3.7-18, 3.7-19, 3.7-20, 3.7-
27, 3.7-40, 3.7-41, 3.7-48, 3.7-49, 3.7-55, 3.7-57, 3.7-58, 3.7-59, 3.7-61, 3.8-
1, 3.8-29, 3.8-30, 3.8-35, 3.8-37, 3.8-44, 3.8-49, 3.8-50, 3.8-55, 3.8-64, 3.8-
65, 3.8-66, 3.8-68, 3.8-69, 3.8-71, 3.8-72, 3.8-77, 3.8-79, 3.8-80, 3.8-85, 3.8-
86, 3.8-87, 3.9-1, 3.9-25, 3.10-1, 3.10-41, 3.10-42, 3.10-47, 3.10-50, 3.10-51, 
3.10-55, 3.11-23, 3.12-2, 3.12-5, 3.12-6, 3.12-7, 3.12-9, 3.12-10, 3.12-11, 
3.12-12, 3.14-1, 3.14-23, 3.16-8, 3.16-11, 3.16-13, 3.16-15, 3.16-16, 3.17-1, 
3.17-11, 3.17-13, 3.17-14, 3.17-16, 3.17-17, 3.17-18, 3.17-21, 3.17-22, 4-8, 
5-2 

growth-inducing impacts, 5-2 

H 
Habitat Conservation Plans, 3.7-4, 3.7-23, 3.7-24,3.8-5, 3.8-18, 3.8-19, 3.8-20, 

3.8-27, 3.8-39, 3.8-40, 3.8-91, 4-4 
Hamilton Bend, 3.17-6 
HCP, See Habitat Conservation Plan 
Hell Hole Reservoir, 3.2-4, 3.2-16, 3.2-31, 3.2-66, 3.7-7, 3.7-11, 3.14-6, 3.14-7, 

3.15-4, 3.16-5, 3.16-6 
Honcut Creek, 3.7-10, 3.8-47, 3.8-48, 3.17-5, 3.17-6 

I 
IMPLAN, 3.10-24, 3.10-25, 3.10-40, 3.11-21 
income, ES-22, 2-53, 3.10-3, 3.10-4, 3.10-5, 3.10-6, 3.10-7, 3.10-8, 3.10-9, 

3.10-10, 3.10-11, 3.10-12, 3.10-13, 3.10-14, 3.10-15, 3.10-16, 3.10-17, 3.10-
19, 3.10-20, 3.10-22, 3.10-23, 3.10-24, 3.10-29, 3.10-31, 3.10-32, 3.10-33, 
3.10-34, 3.10-35, 3.10-36, 3.10-37, 3.10-38, 3.10-40, 3.10-42, 3.10-49, 3.10-
50, 3.10-51, 3.10-52, 3.10-55, 3.11-1, 3.11-4, 3.11-7, 3.11-11, 3.11-18, 3.11-
19, 3.11-21, 3.11-23, 3.11-24, 3.11-26, 3.11-27, 3.11-28 

Indian Trust Assets, ES-23, 2-54, 3-1, 3.11-18, 3.12-1, 3.12-2, 3.12-3, 3.12-5, 
3.12-6, 3.12-7, 3.12-8, 3.12-9, 3.12-10, 3.12-11, 3.12-12, 

Intergovernmental Panel on Climate Change, 3.6-1, 3.6-8, 3.6-16, 3.6-26 
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invasive species, 3.6-11, 3.8-38 
IPCC, See Intergovermental Panel on Climate Change 
irrigation, ES-5, ES-10, ES-11, ES-13, ES-14, ES-15, ES-18, 1-3, 1-8, 1-17, 2-

4, 2-7, 2-10, 2-12, 2-13, 2-22, 2-23, 2-26, 2-29, 2-31, 2-33, 2-44, 2-45, 2-46, 
2-49, 3.1-5, 3.1-8, 3.1-15, 3.2-14, 3.2-26, 3.2-28, 3.2-29, 3.2-40, 3.2-41, 3.2-
42, 3.2-49, 3.2-57, 3.2-58, 3.2-60, 3.2-62, 3.2-63, 3.3-13, 3.3-17, 3.3-25, 3.3-
81, 3.3-82, 3.3-97, 3.3-154, 3.3-156, 3.3-157, 3.4-5, 3.4-16, 3.4-17, 3.4-18, 
3.4-19, 3.4-21, 3.4-22, 3.5-16, 3.5-26, 3.5-30, 3.5-43, 3.6-13, 3.6-14, 3.6-18, 
3.6-21, 3.6-22, 3.8-13, 3.8-16, 3.8-18, 3.8-21, 3.8-30, 3.8-31, 3.8-32, 3.8-61, 
3.8-64, 3.8-67, 3.8-68, 3.8-69, 3.8-73, 3.8-75, 3.8-76, 3.8-85, 3.9-4, 3.9-11, 
3.9-12, 3.9-18, 3.9-26, 3.10-3, 3.10-18, 3.10-22, 3.10-23, 3.10-27, 3.10-29, 
3.10-42, 3.10-47, 3.10-51, 3.11-27, 3.13-8, 3.13-9, 3.13-10, 3.13-11, 3.13-12, 
3.13-14, 3.13-15, 3.13-16, 3.13-17, 3.15-13, 3.17-4, 3.17-8, 3.17-11, 4-9, 5-2 

ITAs, See Indian Trust Assets 

J 
Judge Francis Carr Powerplant, 3.16-4 

K 
Keswick Dam, 2-22, 3.2-4, 3.7-13, 3.17-4 
Keswick Powerplant, 3.16-4, 3.16-17 
Kettleman City, 3.3-86, 3.17-9 
Kings County, 3.3-2, 3.4-15, 3.4-28, 7-3, 3.8-4, 3.8-14, 3.9-19, 3.9-20, 3.9-43, 

3.9-44, 3.9-49, 3.9-51, 3.9-53, 3.10-20, 3.13-1 

L 
labor, ES-22, 2-53, 3.10-3, 3.10-4, 3.10-6, 3.10-7, 3.10-9, 3.10-10, 3.10-12, 

3.10-13, 3.10-14, 3.10-15, 3.10-16, 3.10-19, 3.10-24, 3.10-25, 3.10-26, 3.10-
29, 3.10-32, 3.10-33, 3.10-34, 3.10-35, 3.10-36, 3.10-37, 3.10-38, 3.10-39, 
3.10-40, 3.10-49, 3.10-50, 3.10-52, 3.10-55, 3.11-1, 3.11-8, 3.11-9, 3.11-11, 
3.11-20, 3.11-21, 3.11-22, 3.11-23, 3.11-24, 3.11-25, 3.11-27, 3.13-9 

Lake McClure, ES-20, 2-27, 2-28, 2-30, 2-51, 3.2-2, 3.2-4, 3.2-7, 3.2-18, 3.2-
31, 3.2-32, 3.2-62, 3.7-3, 3.7-11, 3.8-3, 3.8-45, 3.8-77, 3.8-80, 3.14-8, 3.14-9, 
3.15-7, 3.15-8, 3.15-12, 3.15-13, 3.15-14, 3.15-16, 3.15-17, 3.15-18, 3.15-19, 
3.15-20, 3.16-6, 3.17-1, 3.17-8 

Lake Natoma, 3.2-17, 3.2-18, 3.7-3, 3.7-11, 3.8-3, 3.14-8, 3.15-5, 3.16-5, 3.17-7 
lead, ES-15, 3.1-3, 3.2-1, 3.2-2, 3.2-46, 3.2-26, 3.2-29, 3.3-68, 3.3-73, 3.3-87, 

3.3-105, 3.3-106, 3.3-158, 3.3-168, 3.5-3, 3.5-44, 3.6-6, 3.6-11, 3.6-12, 3.8-
45, 3.9-33, 3.12-11, 3.13-3, 4-2, 4-3 

levee stability, ES-21, 2-52, 3.17-10, 3.17-11, 3.17-12, 3.17-15, 3.17-18, 3.17-
20, 3.17-22 

Lewiston Powerplant, 3.16-4 
liquefaction, 3.4-1 
Livingston, 3.9-41, 3.17-8 
long-billed curlew, 3.8-25, 3.8-26, 3.8-32, 3.8-43, 3.8-71, 3.8-73, 3.8-76, 3.8-94 
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Los Banos, 1-21, 3.8-27, 3.9-41, 3.15-10 
Los Banos Creek Reservoir, 3.15-10 
Lower Yuba River Accord, 3.1-23, 3.2-59, 3.2-64, 3.7-58, 3.8-86, 3.8-88, 3.16-

16, 3.17-22, 3.17-24, 4-8, 4-13 
low-income, ES-23, 2-54, 3.11-1, 3.11-3, 3.11-4, 3.11-11, 3.11-18, 3.11-19, 

3.11-20, 3.11-21, 3.11-23, 3.11-24, 3.11-25, 3.11-26, 3.11-27, 3.11-28 
Lytton Rancheria, 3.12-4, 3.12-9 

M 
M&I WSP, See Municipal and Industrial Water Shortage Policy 
Mariposa County, 3.17-8 
Marysville, 3.2-33, 3.5-8, 3.5-25, 3.5-39, 3.10-12, 3.13-9, 3.13-10, 3.13-11, 

3.14-5, 3.14-6, 3.17-5, 3.17-6 
maximum contaminant level, 3.2-3, 3.2-22, 3.3-73, 3.3-74, 3.3-75, 3.3-87 
MCL, See maximum contaminant level 
McSwain Dam, 3.16-6, 3.16-7, 3.17-8 
McSwain Lake, 3.17-8 
McSwain Powerhouse, 3.16-7 
Mendota Pool, 3.17-9 
Merced County, 3.2-3, 3.3-9, 3.4-12, 3.4-28, 3.5-24, 3.5-25, 3.7-3, 3.8-4, 3.8-8, 

3.8-16, 3.8-27, 3.8-91, 3.8-93, 3.9-17, 3.9-18, 3.9-41, 3.9-49, 3.9-50, 3.9-53, 
3.10-15, 3.10-16, 3.10-20, 3.17-9 

Merced ID, See Mercid Irrigation District 
Merced Irrigation District, ES-6, 2-15, 2-20, 2-40, 2-42, 3.1-1, 3.1-13,3.16-1, 

3.17-8, 3.17-24, 4-11 
Merced River, ES-6, 2-15, 2-20, 2-27, 2-28, 2-30, 2-40, 2-42, 3.1-13, 3.2-2, 3.2-

5, 3.2-7, 3.2-18, 3.2-19, 3.2-34, 3.2-36, 3.2-46, 3.2-53, 3.7-3, 3.7-12, 3.7-15, 
3.7-33, 3.7-34, 3.7-44, 3.7-51, 3.7-52, 3.8-3, 3.8-10, 3.8-58, 3.8-59, 3.8-82, 
3.8-83, 3.8-95, 3.13-11, 3.14-8, 3.14-9, 3.14-18, 3.14-20, 3.15-7, 3.15-8, 
3.15-23, 3.16-6, 3.16-7, 3.17-1, 3.17-4, 3.17-8, 3.17-13, 3.17-16, 3.17-19, 4-9 

Mercy Springs Water District, ES-4, 1-6, 2-21 
Merle Collins Reservoir, 2-25, 3.1-11, 3.8-45, 3.15-6, 3.15-13, 3.15-16, 3.15-

19, 3.17-1, 3.17-6 
migratory birds, 2-34, 3.8-28, 3.8-31, 3.8-33, 3.8-43, 3.8-62, 3.8-71, 3.8-76, 3.8-

94 
minority, ES-23, 2-54, 3.11-1, 3.11-3, 3.11-4, 3.11-5, 3.11-6, 3.11-11, 3.11-14, 

3.11-15, 3.11-18, 3.11-19, 3.11-20, 3.11-21, 3.11-23, 3.11-24, 3.11-25, 3.11-
26, 3.11-27, 3.11-28 

mitigation measures, 1-20, 2-1, 3.3-161, 4-24, 5-34, 5-38, 5-40, 5-42, 5-45, 6-
23, 7-57, 3.9-27, 3.11-18, 3.12-11, 3.12-12, 3.13-1, 3.13-19, 3.14-22, 3.15-
21, 3.16-16, 3.17-21, 4-5, 5-3 

Municipal and Industrial Water Shortage Policy, 3.2-62, 3.8-86, 3.9-44, 3.9-46, 
3.9-47, 3.9-48, 3.10-52, 3.10-57, 3.16-16, 3.17-22, 4-6, 4-7, 4-24 
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N 
NAAQS, See National Ambient Air Quality Standards 
National Ambient Air Quality Standards, 3.5-3, 3.5-4, 3.5-7, 3.5-10, 3.5-14, 3.5-

16, 3.5-37, 3.5-39, 3.5-44 
National Environmental Policy Act, ES-1, ES-2, ES-7, ES-8, ES-10, ES-12, ES-

22, 1-1, 1-2, 1-12, 1-13, 1-17, 1-18, 1-20, 2-1, 2-3, 2-5, 2-9, 2-10, 2-14, 2-37, 
2-53, 3-1, 3.1-15, 3.3-2, 3.5-9, 3.5-25, 3.6-3, 3.6-4, 3.7-24, 3.11-18, 3.11-19, 
3.11-28, 3.11-29, 3.16-8, 4-1, 4-3, 4-4, 4-10, 4-12, 5-1, 5-2, 5-3, 7-1, 7-3 

National Flood Insurance Program, 3.17-2, 3.17-3, 3.17-4, 3.17-24 
National Forest, 3.8-93, 3.9-32, 3.14-4, 3.15-2 
National Historic Preservation Act, 3.13-3, 3.13-14, 4-2, 4-3 
National Oceanic and Atmospheric Administration, ES-9, ES-24, 1-12, 1-13, 1-

22, 2-9, 2-22, 2-29, 2-37, 2-55, 3.1-3, 3.1-25, 3.6-7, 3.7-5, 3.7-13, 3.7-14, 
3.7-16, 3.7-18, 3.7-23, 3.7-35, 3.7-39, 3.7-46, 3.7-47, 3.7-53, 3.7-55, 3.7-60, 
3.7-62, 3.7-64,  4-10 

National Recreation Area, 3.15-2, 3.15-25 
National Wild and Scenic River, 3.14-1, 3.14-2, 3.15-6, 3.15-7, 3.15-24 
National Wildlife Refuge, 2-34, 3.8-9, 3.8-12, 3.8-27, 3.8-96, 3.9-32, 3.15-8, 

3.15-25, 4-10, 4-11, 4-12, 
Natomas Central Mutual Water Company, ES-6, 2-14, 2-19, 2-39, 2-41, 3.1-7, 

3.3-109, 3.5-27, 3.5-28, 3.5-32, 3.5-33, 3.6-19 
Natomas Central MWC, See Natomas Central Mutual Water Company 
Natural Community Conservation Plans, 3.7-4, 3.7-23, 3.7-24, 3.8-5, 3.8-19, 

3.8-20, 3.8-39, 3.8-40 
natural gas, 3.5-31, 3.5-43, 3.5-44, 3.6-15, 3.9-43, 5-1 
Natural Resources Conservation Service, 3.2-28, 3.2-66, 3.4-2, 3.4-3, 3.4-6, 3.4-

7, 3.4-11, 3.4-12, 3.4-15, 3.4-16, 3.4-19, 3.4-26, 3.4-27, 3.4-29, 3.5-43, 3.9-3, 
3.9-22 

NCCP, See Natural Community Conservation Plans 
NEPA, See National Environmental Policy Act 
New Bullards Bar Dam, 3.17-6, 3.17-24 
New Bullards Bar Reservoir, 3.7-3, 3.7-11, 3.8-3, 3.17-6 
New Melones Powerplant, 3.16-4 
NFIP, See National Flood Insurance Program 
Nimbus Dam, 3.2-23, 3.2-33, 3.7-3, 3.7-12, 3.14-8, 3.15-6, 3.16-5, 3.17-7, 3.17-

24 
Nimbus Powerplant, 3.16-4, 3.16-5, 3.16-17 
nitrogen dioxide, 3.5-3, 3.5-4, 3.5-8, 3.5-9, 3.5-10, 3.5-16 
nitrogen oxides, 3.5-3, 3.5-8, 3.5-26, 3.5-27, 3.5-28, 3.5-29, 3.5-30, 3.5-32, 3.5-

33, 3.5-34, 3.5-35, 3.5-39, 3.5-43, 3.5-40, 3.5-42, 3.5-43, 3.5-44 
No Action/No Project Alternative, ES-8, ES-9, ES-12, 2-6, 2-7, 2-43, 3-1, 3.1-

14, 3.1-15, 3.1-18, 3.1-19, 3.1-20, 3.1-21, 3.1-22, 3.2-25, 3.2-26, 3.2-27, 3.2-
28, 3.2-29, 3.2-30, 3.2-31, 3.2-32, 3.2-33, 3.2-34, 3.2-35, 3.2-36, 3.2-37, 3.2-
38, 3.2-39, 3.2-41, 3.2-42, 3.2-43, 3.2-45, 3.2-46, 3.2-47, 3.2-48, 3.2-49, 3.2-
50, 3.2-51, 3.2-52, 3.2-53, 3.2-54, 3.2-55, 3.2-58, 3.2-59, 3.3-104, 3.3-105, 
3.3-159, 3.3-160, 3.4-15, 3.4-16, 3.4-17, 3.4-19, 3.4-20, 3.4-21, 3.4-22, 3.4-
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23, 3.4-24, 3.5-25, 3.5-30, 3.5-37, 3.5-41, 3.5-42, 3.6-18, 3.6-21, 3.6-22, 3.6-
23, 3.7-19, 3.7-24, 3.7-25, 3.7-26, 3.7-28, 3.7-29, 3.7-30, 3.7-31, 3.7-32, 3.7-
33, 3.7-34, 3.7-38, 3.7-39, 3.7-41, 3.7-42, 3.7-43, 3.7-44, 3.7-45, 3.7-46, 3.7-
48, 3.7-49, 3.7-50, 3.7-51, 3.7-52, 3.7-54, 3.7-55, 3.7-56, 3.7-58, 3.7-59, 3.7-
60, 3.8-29, 3.8-40, 3.8-41, 3.8-42, 3.8-43, 3.8-45, 3.8-46, 3.8-49, 3.8-52, 3.8-
56, 3.8-57, 3.8-58, 3.8-59, 3.8-61, 3.8-62, 3.8-63, 3.8-64, 3.8-65, 3.8-70, 3.8-
77, 3.8-78, 3.8-79, 3.8-80, 3.8-81, 3.8-82, 3.8-83, 3.8-84, 3.8-85, 3.8-87, 3.8-
88, 3.8-89, 3.9-21, 3.9-22, 3.9-23, 3.9-25, 3.9-26, 3.10-29, 3.10-47, 3.10-48, 
3.10-50, 3.11-18, 3.11-21, 3.11-24, 3.11-25, 3.12-6, 3.12-9, 3.12-10, 3.13-14, 
3.13-15, 3.13-16, 3.13-17, 3.13-18, 3.13-19, 3.14-11, 3.14-12, 3.14-13, 3.14-
14, 3.14-15, 3.14-16, 3.14-17, 3.14-18, 3.14-19, 3.14-20, 3.14-21, 3.14-22, 
3.15-12, 3.15-13, 3.15-15, 3.15-16, 3.15-17, 3.15-18, 3.15-19, 3.15-20, 3.16-
8, 3.16-9, 3.16-10, 3.16-11, 3.16-12, 3.16-13, 3.16-14, 3.16-15, 3.17-11, 
3.17-12, 3.17-13, 3.17-14, 3.17-15, 3.17-16, 3.17-17, 3.17-18, 3.17-19, 3.17-
20 

No Cropland Modification Alternative, 3.1-21, 3.3-160, 3.4-23, 3.5-42, 3.6-23, 
3.9-24, 3.9-27, 3.12-10 

No Groundwater Substitution Alternative, ES-9, 2-6, 3.1-21, 3.5-42, 3.6-23, 
3.7-48, 3.7-49, 3.7-50, 3.7-51, 3.7-52, 3.7-54, 3.7-55, 3.7-57, 3.8-79, 3.8-80, 
3.8-81, 3.8-82, 3.8-83, 3.8-86, 3.9-24, 3.9-25, 3.9-27, 3.9-47, 3.10-27, 3.11-
24, 3.12-9, 3.14-19, 3.15-18 

no injury rule, 1-14, 1-15, 3.1-4, 3.1-23 
NO2, See nitrogen dioxide 
NOAA, See National Oceanic and Atmospheric Administration 
nonattainment, 3.5-3, 3.5-4, 3.5-7, 3.5-8, 3.5-9, 3.5-11, 3.5-16, 3.5-17, 3.5-18, 

3.5-24, 3.5-25, 3.5-37, 3.5-39, 3.5-44, 3.5-45 
non-native plants, 3.8-20 
Northern California Water Association, 3.17-6, 3.17-24 
Notice of Intent, 3.12-13 
NOx, See nitrogen oxides 
NRA, See National Recreation Area 
NRCS, See Natural Resources Conservation Service 
NWR, See National Wildlife Refuge 

O 
Office of Environmental Health Hazard Assessment, 3.2-15, 3.2-65 
Old River, 1-9, 2-31, 3.1-19, 3.1-20, 3.2-21, 3.2-22, 3.2-38, 3.2-48, 3.2-56, 

3.17-9 
Ord Ferry, 3.17-5 
Oroville Dam, 1-9, 3.13-11, 3.14-5, 3.17-5, 3.17-6 
Oroville Reservoir, 3.16-10, 3.16-12, 3.16-14, 3.17-5, 3.17-12, 3.17-15, 3.17-17 
Oxbow Powerhouse, 3.16-6 
ozone, 3.5-3, 3.5-8, 3.5-17, 3.5-18 
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P 
Pacheco Water District, ES-4, 1-6, 2-21 
Pacific pond turtle, 3.8-19, 3.8-24, 3.8-31, 3.8-32, 3.8-43, 3.8-68, 3.8-69, 3.8-

70, 3.8-73, 3.8-74, 3.8-92 
Panoche Water District, ES-4, 1-6, 2-21 
Paradise Cut, 3.17-9 
Pelger Mutual Water Company, ES-6, 1-7, 2-14, 2-19, 2-22, 2-39, 2-41, 3.5-27, 

3.5-32, 3.5-34, 3.5-35, 3.5-36, 3.5-37, 3.5-39, 3.6-19, 3.6-20, 3.10-24 
Pelger MWC, See Pelger Mutual Water Company 
Placer County, ES-6, 1-18, 2-15, 2-19, 2-23, 2-24, 2-25, 2-39, 2-41, 3.1-11, 3.1-

12, 3.2-30, 3.2-43, 3.3-14, 3.5-5, 3.5-11, 3.5-13, 3.5-17, 3.5-31, 3.5-40, 3.5-
47, 3.6-7, 3.7-8, 3.7-64, 3.8-13, 3.8-20, 3.8-94, 3.10-15, 3.12-4, 3.14-6, 3.15-
4, 3.15-5, 3.15-24, 3.16-1, 3.16-5, 3.16-6, 3.16-17, 3.17-7, 3.17-24 

Placer County Water Agency, ES-6, 1-18, 2-15, 2-19, 2-23, 2-24, 2-25, 2-39, 2-
41, 3.1-11, 3.1-12, 3.2-30, 3.2-43, 3.3-14, 3.5-31, 3.7-8, 3.7-64, 3.15-4, 3.15-
5, 3.15-24, 3.16-1, 3.16-5, 3.16-6, 3.16-17 

PM10, 3.5-3, 3.5-4, 3.5-8, 3.5-10, 3.5-11, 3.5-16, 3.5-17, 3.5-18, 3.5-22, 3.5-24, 
3.5-26, 3.5-27, 3.5-29, 3.5-30, 3.5-32, 3.5-33, 3.5-34, 3.5-35, 3.5-36, 3.5-37, 
3.5-39, 3.5-41, 3.5-43, 3.5-44, 3.5-45, 3.5-46 

PM2.5, 3.5-3, 3.5-4, 3.5-8, 3.5-10, 3.5-11, 3.5-16, 3.5-17, 3.5-18, 3.5-21, 3.5-25, 
3.5-32, 3.5-33, 3.5-34, 3.5-35, 3.5-36, 3.5-37, 3.5-39, 3.5-41, 3.5-43, 3.5-44, 
3.5-45 

Pope Ranch, ES-6, 2-15, 2-20, 2-29, 2-40, 2-42, 1-12, 3.3-109, 3.5-30, 3.5-33, 
3.6-19 

potentially significant and unavoidable impacts, 3.13-19, 3.17-21 
power, ES-20, 1-11, 2-24, 2-51, 3.1-5, 3.1-9, 3.2-6, 3.5-15, 3.5-43, 3.6-11, 3.7-

7, 3.8-10, 3.8-33, 3.9-28, 3.9-43, 3.10-22, 3.10-28, 3.13-9, 3.13-10, 3.13-11, 
3.14-8, 3.15-3, 3.15-6, 3.15-15, 3.15-17, 3.15-20, 3.16-1, 3.16-3, 3.16-4, 
3.16-5, 3.16-6, 3.16-7, 3.16-8, 3.16-9, 3.16-10, 3.16-11, 3.16-12, 3.16-13, 
3.16-14, 3.16-15, 3.16-16, 3.17-4 

Prevention of Significant Deterioration, 3.6-3, 3.6-27 
pumping, ES-9, ES-10, ES-13, ES-15, ES-16, ES-22, 1-1, 1-17, 1-21, 2-6, 2-7, 

2-9, 2-10, 2-13, 2-22, 2-23, 2-30, 2-31, 2-34, 2-35, 2-36, 2-37, 2-44, 2-46, 2-
47, 2-53, 3.1-14, 3.1-15, 3.1-17, 3.1-19, 3.1-21, 3.1-22, 3.1-23, 3.2-10, 3.2-
25, 3.2-34, 3.2-40, 3.2-42, 3.3-1, 3.3-2, 3.3-5, 3.3-10, 3.3-12, 3.3-17, 3.3-27, 
3.3-57, 3.3-68, 3.3-69, 3.3-70, 3.3-81, 3.3-82, 3.3-86, 3.3-91, 3.3-95, 3.3-97, 
3.3-98, 3.3-99, 3.3-100, 3.3-103, 3.3-104, 3.3-105, 3.3-106, 3.3-107, 3.3-108, 
3.3-109, 3.3-110, 3.3-154, 3.3-155, 3.3-156, 3.3-158, 3.3-159, 3.3-160, 3.3-
161, 3.3-162, 3.3-163, 3.3-164, 3.3-165, 3.3-166, 3.3-167, 3.3-168, 3.3-169, 
3.3-170, 3.3-171, 3.5-14, 3.5-23, 3.5-24, 3.5-30, 3.5-31, 3.5-33, 3.5-34, 3.5-
40, 3.5-41, 3.5-42, 3.5-43, 3.5-44, 3.5-45, 3.6-14, 3.6-16, 3.6-18, 3.6-21, 3.6-
22, 3.6-23, 3.6-24, 3.7-4, 3.7-19, 3.7-25, 3.7-52, 3.7-59, 3.8-29, 3.8-34, 3.8-
35, 3.8-43, 3.8-44, 3.8-49, 3.8-50, 3.8-55, 3.8-65, 3.8-71, 3.10-22, 3.10-28, 
3.10-29, 3.10-40, 3.10-42, 3.10-48, 3.10-49, 3.10-50, 3.10-51, 3.10-55, 3.11-
25, 3.12-1, 3.12-6, 3.12-10, 3.12-11, 3.12-12, 3.16-1, 3.16-3, 3.16-7, 3.17-9, 
4-10, 5-1, 5-2, 5-4 
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R 
Ralston Powerhouse, 3.16-6 
RD, See Reclamation District 
Reclamation District, ES-6, 1-8, 1-12, 2-14, 2-15, 2-19, 2-20, 2-22, 2-29, 2-39, 

2-40, 2-41, 2-42, 3.1-8, 3.3-9, 3.3-109, 3.5-26, 3.5-27, 3.5-28, 3.5-30, 3.5-32, 
3.5-33, 3.5-34, 3.5-35, 3.5-36, 3.5-37, 3.5-39, 3.6-19, 3.6-20, 3.10-23, 3.10-
24, 3.10-36 

Record of Decision, 1-17, 3.7-21, 3.8-36 
recreation, ES-20, 2-51, 3.1-5, 3.2-6, 3.2-10, 3.2-24, 3.6-13, 3.9-31, 3.9-33, 3.9-

42, 3.10-22, 3.10-38, 3.14-10, 3.14-11, 3.15-1, 3.15-2, 3.15-3, 3.15-4, 3.15-5, 
3.15-6, 3.15-8, 3.15-10, 3.15-11, 3.15-12, 3.15-13, 3.15-14, 3.15-15, 3.15-16, 
3.15-17, 3.15-18, 3.15-19, 3.15-20, 3.15-21, 3.15-22, 3.15-23 

Red Bluff, 3.3-15, 3.3-23, 3.3-100, 3.7-11, 3.7-13, 3.8-19, 3.8-20, 3.8-64, 3.10-
13, 3.15-3 

Red Bluff dwarf rush, 3.8-19, 3.8-20, 3.8-64 
Redding Area Groundwater Basin, 3.3-2, 3.3-15, 3.3-16, 3.3-17, 3.3-19, 3.3-23, 

3.3-106 
Redding Rancheria, 3.12-3, 3.12-13 
Regional Water Quality Control Board, 1-16, 3.2-6, 3.2-9, 3.2-65, 3.3-8, 3.3-11 
reservoir release, ES-11, ES-14, ES-19, 2-11, 2-25, 2-27, 2-29, 2-35, 2-38, 2-45, 

2-50, 3.1-10, 3.1-11, 3.1-13, 3.1-18, 3.1-19, 3.1-21, 3.1-22, 3.2-30, 3.2-31, 
3.2-33, 3.2-34, 3.2-43, 3.2-44, 3.2-51, 3.2-54, 3.2-55, 3.2-57, 3.3-1, 3.4-1, 
3.7-15, 3.7-16, 3.7-18, 3.7-40, 3.7-49, 3.7-56, 3.7-57, 3.8-1, 3.8-37, 3.8-45, 
3.8-57, 3.8-66, 3.8-77, 3.8-79, 3.8-80, 3.10-42, 3.10-47, 3.10-48, 3.10-50, 
3.10-55, 3.11-1, 3.12-1, 3.13-16, 3.13-17, 3.13-18, 3.14-1, 3.14-15, 3.14-18, 
3.14-20, 3.14-21, 3.16-8, 3.16-9, 3.16-11, 3.16-13, 3.17-1, 5-2 

rice, ES-8, ES-9, 2-4, 2-5, 2-6, 2-33, 2-43, 3.2-27, 3.2-28, 3.2-60, 3.3-27, 3.3-
157, 3.3-160, 3.4-4, 3.4-18, 3.4-19, 3.4-21, 3.4-23, 3.4-25, 3.6-14, 3.6-19, 
3.8-13, 3.8-16, 3.8-18, 3.8-21, 3.8-23, 3.8-24, 3.8-25, 3.8-26, 3.8-27, 3.8-31, 
3.8-33, 3.8-61, 3.8-62, 3.8-64, 3.8-66, 3.8-67, 3.8-68, 3.8-71, 3.8-72, 3.8-73, 
3.8-74, 3.8-75, 3.8-76, 3.9-44, 3.10-4, 3.10-5, 3.10-7, 3.10-8, 3.10-10, 3.10-
24, 3.10-26, 3.10-27, 3.10-30, 3.10-31, 3.10-33, 3.10-35, 3.10-36, 3.10-37, 
3.10-52, 3.11-20, 3.11-26, 3.13-10, 3.14-5, 5-4 

riparian, 3.3-95, 3.3-163, 3.6-12, 3.7-6, 3.7-19, 3.7-21, 3.7-23, 3.8-5, 3.8-9, 3.8-
10, 3.8-11, 3.8-15, 3.8-18, 3.8-24, 3.8-26, 3.8-30, 3.8-34, 3.8-37, 3.8-39, 3.8-
40, 3.8-44, 3.8-48, 3.8-49, 3.8-50, 3.8-52, 3.8-55, 3.8-58, 3.8-63, 3.8-65, 3.8-
67, 3.8-69, 3.8-71, 3.8-75, 3.8-76, 3.8-81, 3.8-93, 3.8-96, 3.9-1, 3.14-3, 3.14-
8, 3.14-12, 3.14-23, 3.15-22 

River Garden Farms, ES-6, 2-14, 2-19, 2-22, 2-39, 2-41, 3.1-8, 3.3-109, 3.5-30, 
3.5-33, 3.6-19 

Rock Creek, 3.17-7 
Rock Slough, 2-31, 3.2-20, 3.2-38, 3.2-48, 3.2-56 
Rumsey Rancheria, 3.12-3 
RWQCB, See Regional Water Quality Control Board 
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S 
SACFEM2013, See Sacramento Valley Finite Element Groundwater Model 
Sacramento Area Council of Governments, 3.17-7, 3.17-25 
Sacramento Bypass, 3.17-5 
Sacramento County, ES-6, 2-15, 2-19, 2-23, 2-39, 2-41, 3.1-7, 3.1-12, 3.3-9, 

3.3-10, 3.3-11, 3.3- 15, 3.3-69, 3.3-109, 3.3-110, 3.5-8, 3.5-17, 3.5-24, 3.5-
25, 3.5-27, 3.5-28, 3.5-33, 3.5-34, 3.5-39, 3.5-48, 3.6-19, 3.6-27, 3.8-73, 
3.10-14, 3.12-4, 3.14-5, 3.14-8, 3.14-24, 3.15-3 

Sacramento County Water Agency, ES-6, 2-15, 2-19, 2-23, 2-39, 2-41, 3.1-12, 
3.3-9, 3.3-10, 3.3-109, 3.3-110, 3.5-28, 3.5-33, 3.6-19 

Sacramento Groundwater Authority, 3.3-9, 3.3-11, 3.3-12, 3.3-14, 3.3-15  
Sacramento River, ES-5, ES-6, 1-5, 1-11, 1-13, 1-18, 2-14, 2-19, 2-21, 2-22, 2-

23, 2-26, 2-27, 2-31, 2-39, 2-41, 3.1-1, 3.1-5, 3.1-6, 3.1-7, 3.1-8, 3.1-9, 3.1-
10, 3.1-11, 3.1-12, 3.1-14, 3.1-16, 3.1-25, 3.2-1, 3.2-2, 3.2-4, 3.2-7, 3.2-9, 
3.2-10, 3.2-11, 3.2-12, 3.2-13, 3.2-14, 3.2-18, 3.2-20, 3.2-21, 3.2-22, 3.2-23, 
3.2-32, 3.2-35, 3.2-37, 3.2-45, 3.2-47, 3.2-52, 3.2-54, 3.2-61, 3.2-65, 3.2-66, 
3.3-12, 3.3-16, 3.3-17, 3.3-23, 3.3-27, 3.3-57, 3.3-74, 3.3-106, 3.3-107, 3.3-
109, 3.3-110, 3.3-170, 3.3-175, 3.4-17, 3.4-18, 3.4-21, 3.6-8, 3.7-1, 3.7-3, 
3.7-11, 3.7-13, 3.7-14, 3.7-15, 3.7-16, 3.7-17, 3.7-20, 3.7-26, 3.7-27, 3.7-28, 
3.7-29, 3.7-34, 3.7-39, 3.7-40, 3.7-41, 3.7-42, 3.7-45, 3.7-48, 3.7-49, 3.7-50, 
3.7-52, 3.7-55, 3.7-58, 3.7-61, 3.7-62, 3.7-64, 3.7-65, 3.8-1, 3.8-3, 3.8-4, 3.8-
8, 3.8-9, 3.8-10, 3.8-11, 3.8-23, 3.8-31, 3.8-35, 3.8-46, 3.8-47, 3.8-49, 3.8-61, 
3.8-78, 3.8-80, 3.8-81, 3.8-87, 3.8-88, 3.8-94, 3.13-7, 3.13-8, 3.13-13, 3.14-3, 
3.14-4, 3.14-5, 3.14-6, 3.14-15, 3.14-16, 3.14-18, 3.14-20, 3.14-23, 3.15-2, 
3.15-3, 3.15-4, 3.15-6, 3.15-7, 3.15-23, 3.15-24, 3.16-4, 3.16-7, 3.17-1, 3.17-
4, 3.17-5, 3.17-6, 3.17-8, 3.17-13, 3.17-16, 3.17-18 

Sacramento Suburban Water District, ES-6, 2-15, 2-19, 2-23, 2-39, 2-41, 3.1-
12, 3.5-33, 3.5-43, 3.6-19 

Sacramento Suburban WD, See Sacramento Suburban Water District 
Sacramento Valley, ES-11, 1-5, 1-17, 1-21, 2-11, 2-12, 2-32, 3.1-8, 3.1-10, 3.1-

12, 3.3-2, 3.3-9, 3.3-12, 3.3-14, 3.3-15, 3.3-17, 3.3-21, 3.3-23, 3.3-24, 3.3-25, 
3.3-26, 3.3-27, 3.3-28, 3.3-29, 3.3-31, 3.3-33, 3.3-35, 3.3-37, 3.3-39, 3.3-41, 
3.3-57, 3.3-58, 3.3-65, 3.3-69, 3.3-70, 3.3-71, 3.3-73, 3.3-75, 3.3-78, 3.3-81, 
3.3-87, 3.3-100, 3.3-103, 3.3-106, 3.3-107, 3.3-108, 3.3-109, 3.3-154, 3.3-
155, 3.3-156, 3.3-157, 3.3-163, 3.3-164, 3.3-169, 3.3-172, 3.3-174, 3.3-175, 
3.4-25, 3.4-29, 3.5-5, 3.5-8, 3.5-17, 3.5-18, 3.7-20, 3.8-1, 3.8-2, 3.8-10, 3.8-
13, 3.8-14, 3.8-22, 3.8-23, 3.8-24, 3.8-27, 3.8-28, 3.8-33, 3.8-35, 3.8-60, 3.8-
62, 3.8-72, 3.8-73, 3.8-74, 3.8-75, 3.8-76, 3.8-92, 3.10-14, 3.10-22, 3.10-26, 
3.10-28, 3.10-41, 3.10-54, 3.10-57, 3.10-59, 3.10-60, 3.11-8, 3.11-9, 3.11-30, 
3.12-2, 3.12-3, 3.12-5, 3.12-7, 3.12-12, 3.13-1, 3.13-4, 3.13-5, 3.13-6, 3.13-7, 
3.13-8, 3.13-10, 3.13-11, 3.14-3, 4-11, 4-12 

Sacramento Valley Air Basin, 3.5-5, 3.5-8 
Sacramento Valley Finite Element Groundwater Model, 3.3-100, 3.3-101, 3.3-

103, 3.3-106, 3.3-107, 3.3-156, 3.3-177, 3.7-19, 3.7-20, 3.8-35, 
Sacramento Valley Groundwater Basin, 3.3-2, 3.3-15, 3.3-17, 3.3-23, 3.3-24, 

3.3-25, 3.3-26, 3.3-27, 3.3-29, 3.3-31, 3.3-33, 3.3-35, 3.3-37, 3.3-39, 3.3-41, 
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3.3-65, 3.3-69, 3.3-71, 3.3-73, 3.3-78, 3.3-81, 3.3-87, 3.3-100, 3.3-106, 3.3-
154, 3.3-155, 3.3-156, 3.3-157, 3.8-1, 3.8-2, 3.10-14, 3.10-22, 3.10-28, 3.10-
41, 3.12-2, 3.12-5, 3.12-7, 3.12-12 

Safe Drinking Water Act, 3.2-3 
saline clover, 3.8-21, 3.8-64 
salinity, ES-14, 2-45, 3.1-5, 3.2-9, 3.2-19, 3.2-20, 3.2-21, 3.2-23, 3.2-37, 3.2-39, 

3.2-47, 3.2-55, 3.2-58, 3.2-59, 3.2-61, 3.2-62, 3.2-64, 3.3-23, 3.7-17, 3.7-22, 
3.7-35, 3.7-36, 3.7-45, 3.7-53, 3.8-37 

salmon, 1-13, 3.7-7, 3.7-8, 3.7-9, 3.7-13, 3.7-14, 3.7-15, 3.7-29, 3.7-31, 3.7-32, 
3.7-35, 3.7-39, 3.7-42, 3.7-46, 3.7-53, 3.7-58, 3.7-61, 3.7-62, 3.7-63, 3.7-65, 
3.8-88, 3.15-6, 3.15-10, 3.17-4, 4-8, 4-9 

salmonids, 2-9, 2-14, 3.7-6, 3.7-7, 3.7-29, 3.7-30, 3.7-65 
San Benito County, ES-4, 3.4-15, 3.7-3, 3.8-4, 3.8-14, 3.9-18, 3.9-42, 3.9-49, 

3.9-50, 3.9-53, 3.10-19, 3.10-20, 3.11-4, 3.11-9 
San Benito County Water District, ES-4, 1-6, 2-21 
San Francisco Bay Air Basin, 3.5-8, 3.5-44 
San Joaquin County, 3.3-75, 3.4-12, 3.4-27, 3.8-14, 3.8-16, 3.8-20, 3.8-26, 3.8-

94, 3.9-16, 3.9-17, 3.9-40, 3.9-41, 3.9-49, 3.9-51, 3.9-53, 3.10-20 
San Joaquin kit fox, 3.8-16, 3.8-19, 3.8-22, 3.8-23, 3.8-31, 3.8-43, 3.8-70, 3.8-

89, 3.8-93, 3.8-95, 3.8-97 
San Joaquin River, ES-4, ES-15, ES-20, 1-5, 1-6, 1-13, 1-21, 2-21, 2-28, 2-30, 

2-47, 2-51, 3.1-1, 3.1-13, 3.1-23, 3.1-24, 3.2-2, 3.2-5, 3.2-7, 3.2-9, 3.2-12, 
3.2-18, 3.2-19, 3.2-20, 3.2-21, 3.2-22, 3.2-23, 3.2-34, 3.2-36, 3.2-39, 3.2-40, 
3.2-46, 3.2-53, 3.2-59, 3.2-62, 3.2-65, 3.3-74, 3.3-81, 3.3-82, 3.4-12, 3.4-15, 
3.4-20, 3.4-22, 3.4-23, 3.6-9, 3.6-10, 3.6-11, 3.7-3, 3.7-12, 3.7-14, 3.7-15, 
3.7-16, 3.7-17, 3.7-20, 3.7-21, 3.7-33, 3.7-43, 3.7-44, 3.7-51, 3.7-58, 3.7-59, 
3.7-60, 3.8-1, 3.8-3, 3.8-4, 3.8-10, 3.8-11, 3.8-15, 3.8-21, 3.8-36, 3.8-58, 3.8-
78, 3.8-82, 3.8-86, 3.8-88, 3.8-90, 3.10-57, 3.13-7, 3.13-11, 3.14-9, 3.14-15, 
3.14-18, 3.14-20, 3.15-8, 3.15-10, 3.15-21, 3.15-24, 3.15-25, 3.16-6, 3.16-16, 
3.17-1, 3.17-4, 3.17-8, 3.17-10, 3.17-13, 3.17-16, 3.17-19, 3.17-22, 3.17-25, 
4-9, 4-10, 4-12 

San Joaquin River Restoration Program, 1-23, 3.2-59, 3.2-62, 3.7-14, 3.8-86, 
3.16-16, 3.17-22, 3.17-25, 4-9 

San Joaquin Valley, ES-1, ES-4, 1-1, 1-2, 1-3, 1-7, 1-17, 2-4, 2-5, 2-32, 3.1-13, 
3.2-40, 3.2-49, 3.2-57, 3.2-59, 3.2-62, 3.3-2, 3.3-9, 3.3-23, 3.3-58, 3.3-65, 
3.3-68, 3.3-75, 3.3-77, 3.3-78, 3.3-79, 3.3-80, 3.3-81, 3.3-82, 3.3-83, 3.3-85, 
3.3-86, 3.3-87, 3.3-171, 3.3-172, 3.3-176, 3.3-177, 3.4-24, 3.5-5, 3.5-8, 3.5-
11, 3.5-14, 3.5-17, 3.5-18, 3.5-24, 3.5-25, 3.5-28, 3.5-29, 3.5-31, 3.5-40, 3.5-
44, 3.5-48, 3.6-7, 3.6-8, 3.6-10, 3.6-17, 3.6-26, 3.6-27, 3.7-59, 3.8-15, 3.8-16, 
3.8-21, 3.8-22, 3.8-24, 3.8-25, 3.8-27, 3.8-73, 3.8-96, 3.9-24, 3.9-46, 3.9-48, 
3.10-28, 3.10-57, 3.11-8, 3.11-9, 3.11-10, 3.11-27, 3.13-1, 3.13-4, 3.13-6, 
3.13-7, 3.13-11, 3.13-12, 3.14-9, 3.17-9, 4-5 

San Joaquin Valley Air Basin, 3.5-8, 3.5-28, 3.5-44 
San Joaquin Valley Groundwater Basin, 3.3-2, 3.3-75, 3.3-77, 3.3-78, 3.3-79, 

3.3-80, 3.3-81, 3.3-82, 3.3-87 
San Jose Water Company, 3.10-18 
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San Luis & Delta-Mendota Water Authority, ES-1, ES-2, ES-4, 1-1, 1-2,1-6, 1-
21, 1-7, 1-8, 1-18, 1-19, 1-20, 1-22, 2-21, 2-30, 3.1-1, 3.1-13, 3.3-9, 3.3-163, 
3.8-14, 3.12-4, 3.14-9, 4-8, 5-3, 5-4 

San Luis Creek, 3.17-10 
San Luis Dam, 3.17-10 
San Luis Reservoir, ES-14, ES-18, ES-20, ES-21, 2-35, 2-45, 2-49, 2-51, 2-52, 

3.2-3, 3.2-9, 3.2-24, 3.2-25, 3.2-27, 3.2-41, 3.2-42, 3.2-49, 3.2-57, 3.2-58, 
3.2-63, 3.7-4, 3.8-4, 3.8-15, 3.8-16, 3.8-42, 3.8-62, 3.8-63, 3.8-79, 3.8-83, 
3.8-85, 3.13-1, 3.14-1, 3.14-3, 3.14-9, 3.14-24, 3.15-1, 3.15-10, 3.15-11, 
3.15-15, 3.15-18, 3.15-20, 3.15-21, 3.15-24, 3.16-3, 3.16-7, 3.17-1, 3.17-9, 
3.17-10, 3.17-11, 3.17-14, 3.17-17, 3.17-19, 3.17-20, 3.17-23, 3.17-24, 5-4 

San Luis Water District, ES-4, 1-6, 2-21 
Santa Clara County, 3.3-2, 3.3-88, 3.3-95, 3.3-98, 3.3-99, 3.3-173, 3.3-174, 3.3-

176, 7-3, 3.8-4, 3.8-14, 3.10-18 
Santa Clara Valley Groundwater Basin, 3.3-2, 3.3-88, 3.3-90, 3.3-95 
Santa Clara Valley Water District, ES-4, 1-6, 1-7, 2-21, 3.2-25, 3.2-41, 3.3-176, 

3.4-6 
Santa Clara Valley WD, 3.3-9, 3.3-90, 3.3-91, 3.3-95, 3.3-96, 3.3-97, 3.3-98, 

3.3-99, 3.3-105, 3.3-176, 3.10-16, 3.10-18, 3.10-19, 3.10-59, See Santa Clara 
Valley Water District 

SB, See Senate Bill 
scenic, ES-19, 2-50, 3.14-1, 3.14-2, 3.14-3, 3.14-5, 3.14-9, 3.14-10, 3.14-11, 

3.14-12, 3.14-13, 3.14-14, 3.14-15, 3.14-16, 3.14-17, 3.14-18, 3.14-19, 3.14-
20, 3.14-21, 3.14-22, 3.14-23, 3.14-24 

scoping, ES-7, ES-8, 1-20, 2-3, 2-4, 2-5, 3.6-25, 5-3, 5-4 
SDWA, 3.2-3, See Safe Drinking Water Act 
seismicity, 3.4-1 
Seller Service Area, ES-8, ES-9, ES-14, ES-15, ES-22, ES-23, 1-21, 2-4, 2-5, 2-

6, 2-45, 2-46, 2-53, 2-54, 3.1-5, 3.1-15, 3.1-23, 3.2-1, 3.2-2, 3.2-6, 3.2-7, 3.2-
9, 3.2-10, 3.2-26, 3.2-27, 3.2-28, 3.2-29, 3.2-31, 3.2-32, 3.2-34, 3.2-42, 3.2-
44, 3.2-50, 3.2-51, 3.2-54, 3.2-57, 3.2-59, 3.2-60, 3.3-2, 3.3-100, 3.3-104, 
3.3-106, 3.3-155, 3.3-157, 3.3-159, 3.3-160, 3.3-169, 3.3-171, 3.4-1, 3.4-5, 
3.4-6, 3.4-8, 3.4-9, 3.4-10, 3.4-16, 3.4-17, 3.4-19, 3.4-20, 3.4-21, 3.4-22, 3.4-
23, 3.4-24, 3.4-25, 3.4-26, 3.5-1, 3.5-23, 3.5-42, 3.6-1, 3.6-18, 3.6-21, 3.6-23, 
3.7-1, 3.7-3, 3.7-5, 3.7-7, 3.7-14, 3.7-16, 3.7-19, 3.7-20, 3.7-56, 3.7-59, 3.7-
61, 3.8-1, 3.8-3, 3.8-5, 3.8-10, 3.8-20, 3.8-22, 3.8-28, 3.8-29, 3.8-31, 3.8-34, 
3.8-35, 3.8-40, 3.8-43, 3.8-60, 3.8-62, 3.8-64, 3.8-65, 3.8-68, 3.8-69, 3.8-70, 
3.8-71, 3.8-72, 3.8-73, 3.8-74, 3.8-75, 3.8-76, 3.8-77, 3.8-79, 3.8-85, 3.8-86, 
3.8-87, 3.8-89, 3.9-1, 3.9-5, 3.9-6, 3.9-10, 3.9-22, 3.9-23, 3.9-24, 3.9-25, 3.9-
27, 3.9-28, 3.9-44, 3.9-45, 3.9-46, 3.9-47, 3.10-3, 3.10-23, 3.10-25, 3.10-29, 
3.10-30, 3.10-32, 3.10-37, 3.10-39, 3.10-40, 3.10-47, 3.10-48, 3.10-49, 3.10-
50, 3.10-51, 3.10-52, 3.10-53, 3.10-54, 3.10-55, 3.10-57, 3.11-3, 3.11-4, 
3.11-5, 3.11-7, 3.11-8, 3.11-12, 3.11-14, 3.11-16, 3.11-19, 3.11-21, 3.11-22, 
3.11-23, 3.11-24, 3.11-25, 3.11-26, 3.11-27, 3.11-28, 3.12-3, 3.12-6, 3.12-7, 
3.12-9, 3.12-10, 3.12-11, 3.12-12, 3.13-1, 3.14-1, 3.14-3, 3.14-13, 3.14-16, 
3.14-19, 3.14-21, 3.14-23, 3.15-1, 3.15-2, 3.15-16, 3.15-18, 3.15-22, 3.16-3, 
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3.16-4, 3.17-1, 3.17-4, 3.17-9, 3.17-11, 3.17-13, 3.17-14, 3.17-16, 3.17-17, 
3.17-18, 3.17-19, 3.17-22 

Senate Bill, 2-10, 3.3-6, 3.3-7, 3.3-27, 3.3-175, 3.3-176, 3.8-94 
sensitive receptor, 3.5-14, 3.5-25 
SGA, See Sacramento Groundwater Authority 
Shasta County, 3.3-2, 3.3-9, 3.3-12, 3.3-16, 3.3-19, 3.3-173, 3.3-177, 3.5-11, 

3.5-14, 3.5-29, 3.5-31, 3.5-40, 3.5-48, 3.6-7, 3.6-17, 3.10-13, 3.12-3, 3.14-4 
Shasta Dam, 3.2-11, 3.2-17, 3.14-3, 3.14-4, 3.14-5, 3.16-4, 3.17-4 
Shasta Powerplant, 3.16-4, 3.16-17 
Shasta Reservoir, 2-21, 2-22, 2-23, 2-24, 3.1-5, 3.2-1, 3.2-4, 3.2-7, 3.2-10, 3.2-

11, 3.2-30, 3.2-43, 3.2-50, 3.2-51, 3.3-69, 7-1, 7-11, 7-13, 3.8-1, 3.13-1, 3.13-
15, 3.13-16, 3.13-17, 3.14-3, 3.14-4, 3.14-5, 3.14-12, 3.14-14, 3.14-17, 3.14-
19, 3.15-2, 3.15-3, 3.15-13, 3.15-16, 3.15-18, 3.16-4, 3.16-10, 3.16-12, 3.16-
14, 3.17-1, 3.17-4, 3.17-5, 3.17-12, 3.17-15, 3.17-17 

Sherman Island, 3.17-5 
Sierra Nevada, ES-5, 1-11, 3.1-5, 3.3-23, 3.3-25, 3.3-27, 3.3-73, 3.3-74, 3.3-78, 

3.3-81, 3.3-170, 3.7-66, 3.8-16, 3.8-22, 3.8-25, 3.8-27, 3.10-15, 3.12-4, 3.13-
4, 3.13-5, 3.13-7, 3.14-3, 3.14-5, 3.14-6, 3.14-8, 3.17-6, 3.17-7, 3.17-8 

significance criteria, 1-14, 3.4-16, 3.5-23, 3.5-25, 3.5-33, 3.5-34, 3.6-7, 3.6-16, 
3.7-24, 3.8-40, 3.16-8 

SIP, See State Implementation Plan 
SLDMWA, See San Luis & Delta-Mendota Water Authority 
smelt, 1-12, 2-9, 3.7-8, 3.7-9, 3.7-12, 3.7-17, 3.7-18, 3.7-35, 3.7-36, 3.7-37, 3.7-

39, 3.7-45, 3.7-46, 3.7-47, 3.7-53, 3.7-55, 3.7-61 
SO2, See sulfur dioxide 
soils, 3.2-21, 3.2-27, 3.2-28, 3.3-157, 3.3-160, 3.3-171, 3.4-1, 3.4-2, 3.4-3, 3.4-

4, 3.4-5, 3.4-6, 3.4-7, 3.4-11, 3.4-12, 3.4-15, 3.4-16, 3.4-17, 3.4-18, 3.4-19, 
3.4-20, 3.4-21, 3.4-23, 3.4-24, 3.4-25, 3.4-26, 3.5-30, 3.6-14, 3.8-8, 3.8-9, 
3.8-22, 3.8-32, 3.8-67, 3.9-6, 3.9-10, 3.9-12, 3.9-14, 3.9-22, 3.10-26 

Solano County, ES-22, 2-53, 3.4-11, 3.4-19, 3.4-29, 3.5-5, 3.5-30, 3.8-60, 3.9-
10, 3.9-14, 3.9-15, 3.9-23, 3.9-39, 3.9-40, 3.9-50, 3.9-53, 3.10-10, 3.10-11, 
3.10-12, 3.10-23, 3.10-36, 3.10-49, 3.11-4, 3.11-22 

South Sacramento County Streams Program, 3.17-22 
South Sutter Water District, ES-6, 2-15, 2-20, 2-40, 2-42, 3.1-10, 3.16-1, 3.16-6 
South Sutter WD, See South Sutter Water District 
SOx, See sulfur oxides 
Spring Creek Powerplant, 3.16-4 
SRA, See State Recreation Area 
Stanislaus County, 3.4-12, 3.4-27, 3.5-8, 3.9-15, 3.9-16, 3.9-40, 3.9-49, 3.9-51, 

3.9-54, 3.10-20 
Stanislaus River, 2-21, 3.2-19, 3.17-9 
State Implementation Plan, 3.5-3, 3.5-7, 3.5-9 
State Recreation Area, 3.2-24, 3.2-63, 3.2-64, 3.2-67, 3.8-90, 3.14-5, 3.14-9, 

3.15-4, 3.15-5, 3.15-6, 3.15-8, 3.15-10, 3.15-11, 3.15-15, 3.15-23, 3.15-24, 
3.17-24, 5-4 

State Scenic Highways, 3.14-3 
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State Water Project, ES-2, ES-11, ES-24, 1-2, 1-22, 2-5, 2-9, 2-55, 3.1-3, 3.1-
25, 3.2-9, 3.3-4, 3.4-5, 3.4-24, 3.7-3, 3.7-64, 3.8-5, 3.9-28, 3.10-52, 3.11-26, 
3.12-12, 3.13-10, 3.13-21, 3.14-13, 3.15-22, 3.16-1, 3.17-5, 3.17-23, 4-5, 4-
12, 4-13 

State Water Resources Control Board, ES-10, 1-9, 1-14, 1-15, 1-16, 2-10, 2-21, 
2-22, 2-30, 2-35, 2-37, 3.2-5, 3.2-6, 3.2-9, 3.2-15, 3.2-16, 3.2-21, 3.2-25, 3.2-
39, 3.2-61, 3.2-65, 3.3-4, 3.3-5, 3.3-7, 3.3-8, 3.3-73, 3.3-75, 3.3-76, 3.3-177, 
3.7-34, 3.7-39, 3.7-45, 3.7-47, 3.7-52, 3.7-55, 3.7-60, 3.8-46, 3.14-12, 4-10 

steelhead, 1-13, 3.7-7, 3.7-8, 3.7-9, 3.7-12, 3.7-15, 3.7-16, 3.7-29, 3.7-31, 3.7-
35, 3.7-39, 3.7-46, 3.7-53, 3.7-58, 3.7-61, 3.7-62, 3.8-88, 4-8 

storage, ES-1, ES-5, ES-9, ES-10, ES-13, ES-14, ES-17, ES-18, ES-21, 1-1, 1-
3, 1-9, 1-11, 1-15, 2-4, 2-9, 2-10, 2-11, 2-14, 2-22, 2-23, 2-24, 2-25, 2-26, 2-
34, 2-45, 2-48, 2-49, 2-51, 2-52, 3.1-10, 3.1-17, 3.1-18, 3.1-19, 3.1-22, 3.1-
23, 3.1-24, 3.2-14, 3.2-25, 3.2-26, 3.2-27, 3.2-29, 3.2-30, 3.2-31, 3.2-32, 3.2-
33, 3.2-37, 3.2-41, 3.2-42, 3.2-43, 3.2-44, 3.2-47, 3.2-49, 3.2-50, 3.2-51, 3.2-
54, 3.2-57, 3.2-58, 3.2-59, 3.2-61, 3.3-8, 3.3-10, 3.3-11, 3.3-12, 3.3-15, 3.3-
17, 3.3-23, 3.3-65, 3.3-68, 3.3-82, 3.3-95, 3.3-98, 3.7-7, 3.7-20, 3.7-24, 3.7-
25, 3.7-26, 3.7-41, 3.7-48, 3.7-56, 3.7-57, 3.8-30, 3.8-33, 3.8-34, 3.8-35, 3.8-
41, 3.8-42, 3.8-44, 3.8-45, 3.8-46, 3.8-62, 3.8-63, 3.8-69, 3.8-72, 3.8-77, 3.8-
79, 3.8-80, 3.8-83, 3.8-84, 3.8-85, 3.8-86, 3.8-88, 3.10-37, 3.13-9, 3.14-12, 
3.15-10, 3.15-11, 3.15-18, 3.15-20, 3.16-1, 3.16-4, 3.16-5, 3.16-6, 3.16-7, 
3.16-9, 3.16-12, 3.16-13, 3.16-14, 3.17-1, 3.17-3, 3.17-4, 3.17-5, 3.17-6, 
3.17-9, 3.17-10, 3.17-11, 3.17-12, 3.17-14, 3.17-15, 3.17-17, 3.17-18, 3.17-
19, 3.17-20, 3.17-21, 3.17-22, 3.17-23, 4-6, 4-8 

sturgeon, 1-13, 3.7-7, 3.7-8, 3.7-9, 3.7-11, 3.7-16, 3.7-17, 3.7-32, 3.7-35, 3.7-
39, 3.7-42, 3.7-46, 3.7-50, 3.7-53, 3.15-10 

subsidence, ES-14, ES-15, 2-43, 2-46, 3.3-1, 3.3-6, 3.3-8, 3.3-15, 3.3-23, 3.3-
68, 3.3-69, 3.3-70, 3.3-82, 3.3-85, 3.3-86, 3.3-91, 3.3-95, 3.3-98, 3.3-99, 3.3-
103, 3.3-104, 3.3-105, 3.3-106, 3.3-155, 3.3-156, 3.3-158, 3.3-159, 3.3-160, 
3.3-164, 3.3-166, 3.3-167, 3.3-168, 3.3-171, 3.3-176, 3.3-177, 3.4-1, 3.6-13, 
5-2 

sulfur dioxide, 3.5-3, 3.5-4, 3.5-8, 3.5-10, 3.5-16, 3.5-39, 3.5-46, 
sulfur oxides, 3.5-3, 3.5-32, 3.5-33, 3.5-34, 3.5-35, 3.5-39, 3.5-43 
sustainability, 3.3-7 
Sutter Bypass, 2-23, 2-26, 2-34, 3.1-10, 3.8-9, 3.17-5 
Sutter County, 3.1-7, 3.1-8, 3.1-9, 3.3-14, 3.3-69, 3.3-169, 3.4-11, 3.4-25, 3.4-

28, 3.5-8, 3.5-17, 3.5-25, 3.5-26, 3.5-27, 3.5-28, 3.5-31, 3.5-32, 3.5-37, 3.5-
39, 3.9-8, 3.9-13, 3.9-35, 3.9-36, 3.9-45, 3.9-49, 3.9-50, 3.9-54, 3.10-7, 3.10-
8, 3.10-9, 3.10-53, 3.11-11, 3.12-4, 3.13-13, 3.15-3 

SWP, ES-2, ES-9, ES-10, ES-11, ES-13, ES-19, ES-20, ES-21, ES-24, 1-2, 1-
12, 1-17, 1-19, 1-20, 1-22, 2-5, 2-9, 2-10, 2-11, 2-21, 2-22, 2-26, 2-31, 2-35, 
2-36, 2-37, 2-45, 2-50, 2-51, 2-55, 3.1-3, 3.1-9, 3.1-13, 3.1-16, 3.1-17, 3.1-
18, 3.1-21, 3.1-22, 3.1-23, 3.1-24, 3.1-25, 3.2-10, 3.2-20, 3.2-21, 3.2-25, 3.2-
29, 3.2-30, 3.2-31, 3.2-37, 3.2-38, 3.2-39, 3.2-40, 3.2-41, 3.2-42, 3.2-43, 3.2-
44, 3.2-48, 3.2-50, 3.2-51, 3.2-55, 3.2-57, 3.2-59, 3. 3.2-60, 3.2-61, 3.2-62, 
3.3-169, 3.3-171, 3.4-24, 3.4-25, 3.4-26, 3.7-3, 3.7-5, 3.7-7, 3.7-8, 3.7-14, 
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3.7-19, 3.7-34, 3.7-35, 3.7-45, 3.7-46, 3.7-52, 3.7-53, 3.7-58, 3.7-60, 3.7-61, 
3.8-35, 3.8-37, 3.8-63, 3.8-83, 3.8-86, 3.8-87, 3.8-88, 3.9-28, 3.9-44, 3.9-46, 
3.9-47, 3.9-48, 3.10-52, 3.10-57, 3.11-26, 3.13-15, 3.13-16, 3.13-17, 3.13-19, 
3.13-20, 3.14-14, 3.14-16, 3.14-17, 3.14-19, 3.14-21, 3.14-23, 3.16-1, 3.16-3, 
3.16-5, 3.16-7, 3.16-8, 3.16-10, 3.16-11, 3.16-12, 3.16-13, 3.16-14, 3.16-15, 
3.16-16, 3.17-5, 3.17-9, 3.17-10, 3.17-11, 3.17-12, 3.17-14, 3.17-15, 3.17-17, 
3.17-18, 3.17-20, 3.17-22, 4-5, 4-6, 4-8, 4-10, 4-13, See State Water Project 

SWRCB, See State Water Resources Control Board 
Sycamore Mutual Water Company, ES-6, 2-14, 2-19, 2-39, 2-41, 3.1-8, 3.1-9, 

3.3-109, 3.5-32, 3.5-34, 3.5-35, 3.5-36, 3.5-37, 3.6-19, 3.6-20 
Sycamore MWC, See Sycamore Mutual Water Company 

T 
Tehama County, 3.3-13, 3.5-11, 3.5-14, 3.5-18, 3.5-29, 3.5-31, 3.5-40, 3.5-48, 

3.6-7, 3.6-17, 3.7-11, 3.7-26, 3.7-27, 3.7-28, 3.7-41, 3.7-42, 3.8-47, 3.10-13, 
3.10-14, 3.11-16, 3.12-3, 3.15-3 

temperature, 2-22, 3.2-4, 3.2-12, 3.2-30, 3.2-43, 3.6-7, 3.6-9, 3.6-11, 3.6-12, 
3.6-13, 3.7-5, 3.7-7, 3.7-20, 3.7-26, 3.7-30, 3.7-32, 3.7-35, 3.7-37, 3.7-39, 
3.7-41, 3.7-42, 3.7-45, 3.7-47, 3.7-49, 3.7-53, 3.7-54, 3.7-60, 3.8-33, 3.8-46, 
3.8-78, 3.8-80, 3.16-1, 3.17-4 

terrestrial resources, 3.8-30, 3.8-43, 3.8-80, 3.12-7 
Thermalito Afterbay, 2-26, 3.1-9, 3.2-32, 3.2-35, 3.2-45, 3.2-52, 3.2-54, 3.17-6 
threatened species, 3.7-12, 3.7-17, 3.7-23, 3.8-39, 3.8-40 
Tisdale Bypass, 3.8-8, 3.17-5 
Tisdale Weir, 3.17-5 
Title V, 3.6-3, 3.6-4, 3.6-27 
TMDL, See Total Maximum Daily Loads 
total dissolved solids, 3.2-14, 3.3-23 
Total Maximum Daily Loads, 3.2-3, 3.2-4, 3.2-16, 3.2-59, 3.2-66 
total organic carbon, 3.2-24 
Tracy Pumping Plant, 3.17-9 
tribes, 2-3, 3.11-18, 3.12-1, 3.12-3, 3.12-5, 3.12-11, 3.12-12, 3.13-11 
tricolored blackbird, 3.8-26, 3.8-32, 3.8-71, 3.8-73, 3.8-74, 3.8-76 
Tule Basin Farms, ES-6, 2-15, 2-20, 2-25, 2-26, 2-40, 2-42, 3.1-10, 3.3-9, 3.3-

109, 3.5-27, 3.5-32, 3.5-33, 3.5-37, 3.5-43, 3.6-19 
Tuolumne River, 3.17-8 
turbidity, 3.2-14, 3.2-20, 3.2-24, 3.2-27, 3.6-12, 3.7-14, 3.7-17, 3.7-35, 3.7-45, 

3.7-53 

U 
U.S. Census Bureau, 3.11-3, 3.11-4, 3.11-5, 3.11-6, 3.11-7, 3.11-11, 3.11-14, 

3.11-15, 3.11-19, 3.11-29, 3.12-3, 3.12-4, 3.12-5, 3.12-8, 3.12-14 
UCCE, See University of California Cooperative Extension 
United States Department of the Interior 3.6-2, 3.6-3, 3.12-3, 3.12-14  
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United States Fish and Wildlife Service, ES-9, ES-24, 1-12, 1-13, 1-17, 2-9, 2-
21, 2-22, 2-29, 2-33, 2-37, 2-55, 3.1-3, 3.8-4, 3.8-5, 3.8-7, 3.8-10, 3.8-16, 
3.8-21, 3.8-22, 3.8-23, 3.8-24, 3.8-25, 3.8-26, 3.8-27, 3.8-29, 3.8-39, 3.8-40, 
3.8-90, 3.8-96, 3.15-8, 3.15-25  

University of California Cooperative Extension, 3.4-4, 3.4-5, 3.4-29, 3.10-24, 
3.10-26, 3.10-28, 3.10-30, 3.10-31, 3.10-59, 3.11-20, 3.11-30   

 

V 
vegetation and wildlife, 2-43, 3.7-22, 3.8-4, 3.8-28, 3.8-34, 3.8-37, 3.8-48, 3.8-

86, 3.8-87, 3.8-88, 3.8-89, 3.15-12 
visual resources, ES-19, 2-50, 3.14-1, 3.14-3, 3.14-4, 3.14-5, 3.14-6, 3.14-7, 

3.14-8, 3.14-9, 3.14-10, 3.14-11, 3.14-12, 3.14-13, 3.14-14, 3.14-15, 3.14-16, 
3.14-17, 3.14-18, 3.14-19, 3.14-20, 3.14-21, 3.14-22, 3.14-23, 3.15-16, 3.15-
18 

VOC, See volatile organic compounds 
volatile organic compounds, 3.3-74, 3.3-75, 3.3-87, 3.5-3, 3.5-8, 3.5-26, 3.5-27, 

3.5-32, 3.5-33, 3.5-34, 3.5-35, 3.5-39, 3.5-40, 3.5-43, 3.5-44, 3.5-46, 

W 
Water Code, 1-14, 1-15, 1-16, 2-12, 3.2-6, 3.3-4, 3.3-5, 3.3-6, 3.3-7, 3.3-10, 3.3-

11, 3.10-27 
water conservation, 1-11, 2-4, 2-41, 3.8-37, 3.8-66, 4-6 
Water Control Plan, 3.17-5 
Water Forum Agreement, 13.3-1, 3.3-177 
water quality, ES-13, ES-14, 1-16, 2-11, 2-32, 2-35, 2-44, 2-45, 3.1-9, 3.1-11, 

3.1-16, 3.2-1, 3.2-3, 3.2-6, 3.2-9, 3.2-10, 3.2-11, 3.2-12, 3.2-14, 3.2-15, 3.2-
16, 3.2-17, 3.2-18, 3.2-19, 3.2-20, 3.2-24, 3.2-25, 3.2-26, 3.2-27, 3.2-28, 3.2-
29, 3.2-31, 3.2-32, 3.2-33, 3.2-34, 3.2-37, 3.2-39, 3.2-40, 3.2-41, 3.2-42, 3.2-
44, 3.2-47, 3.2-49, 3.2-50, 3.2-51, 3.2-54, 3.2-55, 3.2-56, 3.2-57, 3.2-58, 3.2-
59, 3.2-60, 3.2-61, 3.2-62, 3.2-63, 3.3-8, 3.3-12, 3.3-23, 3.3-73, 3.3-75, 3.3-
87, 3.3-103, 3.3-156, 3.3-163, 3.6-12, 3.7-6, 3.7-20, 3.7-26, 3.7-28, 3.7-34, 
3.7-41, 3.7-42, 3.7-45, 3.7-49, 3.7-53, 3.7-60, 3.8-27, 3.8-33, 3.8-46, 3.8-78, 
3.8-80, 3.9-10, 3.12-5, 3.13-20, 3.14-14, 3.14-23, 3.15-22, 3.16-3, 4-10, 5-4 

Water Quality Control Plan, 3.2-6, 3.2-9, 3.2-65, 3.7-4 
water rights, ES-9, 1-3, 1-9, 1-12, 1-14, 1-15, 1-16, 2-4, 2-5, 2-9, 2-30, 2-31, 

3.1-1, 3.1-3, 3.1-4, 3.1-5, 3.1-6, 3.1-7, 3.1-9, 3.1-11, 3.1-12, 3.1-13, 3.3-5, 
3.3-170, 3.12-1, 3.12-3, 3.12-6, 3.12-7 

Water Service Contracts, 3.8-4 
water supply, ES-1, ES-2, ES-5, ES-10, 1-1, 1-2, 1-8, 1-11, 1-14, 1-16, 1-17, 2-

4, 2-5, 2-10, 2-26, 2-30, 2-43, 3.1-1, 3.1-5, 3.1-8, 3.1-11, 3.1-14, 3.1-15, 3.1-
17, 3.1-18, 3.1-20, 3.1-21, 3.1-22, 3.1-23, 3.1-24, 3.2-3, 3.2-9, 3.2-24, 3.2-26, 
3.2-41, 3.3-5, 3.3-11, 3.3-13, 3.3-27, 3.3-57, 3.3-88, 3.3-103, 3.3-104, 3.3-
157, 3.3-158, 3.3-168, 3.3-170, 3.4-25, 3.4-26, 3.6-1, 3.6-5, 3.6-11, 3.7-7, 
3.7-19, 3.8-10, 3.8-33, 3.8-34, 3.8-35, 3.8-40, 3.8-44, 3.8-65, 3.8-66, 3.8-67, 

N-24 – March 2015 



Appendix N 
Index 

3.8-71, 3.9-21, 3.9-24, 3.9-25, 3.9-44, 3.9-46, 3.9-48, 3.10-27, 3.10-47, 3.10-
52, 3.10-55, 3.10-57, 3.12-9, 3.13-20, 3.14-14, 3.14-16, 3.14-19, 3.15-12, 
3.16-4, 3.16-5, 3.16-6, 3.17-7, 4-6, 4-7, 4-8, 4-9, 5-2 

Westlands Water District, ES-4, 1-6, 2-21, 3.3-9, 3.3-177 
wetlands, 2-9, 3.6-11, 3.7-6, 3.7-8, 3.8-7, 3.8-8, 3.8-9, 3.8-10, 3.8-14, 3.8-18, 

3.8-21, 3.8-23, 3.8-24, 3.8-25, 3.8-26, 3.8-27, 3.8-28, 3.8-30, 3.8-32, 3.8-37, 
3.8-39, 3.8-43, 3.8-49, 3.8-64, 3.8-65, 3.8-66, 3.8-67, 3.8-69, 3.8-72, 3.8-74, 
3.8-75, 3.8-76, 3.9-34, 3.14-3, 3.14-10, 5-4 

white-faced ibis, 3.8-27, 3.8-43, 3.8-71, 3.8-74, 3.8-76 
Wilkins Slough, 3.2-32, 3.2-35, 3.2-45, 3.2-52, 3.2-54, 3.7-10, 3.8-48, 3.14-15, 

3.14-18, 3.14-20, 3.17-13, 3.17-16, 3.17-18 
William R. Gianelli Pumping-Generating Plant, 3.16-4 
Williamson Act, ES-18, 2-49, 3.9-2, 3.9-3, 3.9-4, 3.9-5, 3.9-6, 3.9-7, 3.9-21, 

3.9-22, 3.9-23, 3.9-25, 3.9-26, 3.9-29, 3.9-32, 3.9-38, 3.9-44, 3.9-45, 3.9-46, 
3.9-47, 3.9-48, 3.9-50, 3.11-27 

Wind Erodibility Group, 3.4-26, 3.4-27, 3.4-29 

X 
X2, 3.2-39, 3.2-47, 3.2-55, 3.2-62, 3.7-22, 3.7-35, 3.7-38, 3.7-46, 3.7-47, 3.7-

53, 3.7-54, 3.7-55, 3.7-60, 3.8-37, 3.8-59, 3.8-78, 3.8-83 

Y 
yellow-headed blackbird, 3.8-27, 3.8-28, 3.8-43, 3.8-71, 3.8-75, 3.8-76 
Yolo Bypass, 1-6, 3.7-7, 3.8-9, 3.8-74, 3.17-5, 3.17-9 
Yolo County, 2-34, 3.1-6, 3.1-9, 3.3-9, 3.3-11, 3.3-15, 3.3-23, 3.3-69, 3.3-70, 

3.3-106, 3.3-155, 3.3-177, 3.3-178, 4-11, 4-27, 5-8, 5-16, 5-17, 5-26, 5-30, 7-
65, 3.9-8, 3.9-9, 3.9-14, 3.9-23, 3.9-25, 3.9-37, 3.9-38, 3.9-50, 3.9-54, 3.10-2, 
3.10-9, 3.10-10, 3.10-23, 3.10-32, 3.11-4, 3.11-8, 3.12-3, 3.15-3 

Yuba City, 3.5-8, 3.5-25, 3.5-39, 3.9-35, 3.9-36, 3.9-37, 3.9-52, 3.10-7, 3.13-11, 
3.17-5, 3.17-6, 3.17-22 

Yuba Feather Flood Protection Program, 3.17-22 
Yuba River, ES-6, 2-15, 2-20, 2-25, 2-39, 2-41, 3.1-9, 3.1-11, 3.1-24, 3.2-1, 3.2-

7, 3.2-14, 3.2-15, 3.2-33, 3.2-35, 3.2-45, 3.2-52, 3.2-59, 3.3-27, 3.3-110, 7-3, 
7-12, 7-28, 7-41, 7-42, 7-58, 3.8-3, 3.8-11, 3.8-88, 3.13-7, 3.13-9, 3.14-6, 
3.15-6, 3.17-1, 3.17-5, 3.17-6, 4-8, 4-9
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